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INTRODUCTION 


Tt is the purpose in this bulletin to bring together in a general 
way the more important information now in hand concerning the 
foot-rot diseases of wheat as they occur in this country and to dis- 
cuss the status of these diseases as set forth in the foreign litera- 
ture in so far as it may throw light on our own problems. Although 
further study is required before these diseases are fully understood, 
it has been possible during the past five years to obtain data and 
make observations which assist considerably in the matter of clari- 
fying some of the problems involved in the general problem of 
wheat foot-rots. 

A study of the literature indicates that the foot-rot diseases of 
wheat are practically world-wide with the wheat crop. They are 
reported from continental Europe, Australia, England, the Orient, 
South America, Africa, and the United States. As far as known, 
Cordley (14)? was the first to report a definite foot-rot in this 
country. In 1902 he reported one of these diseases on wheat in 
Oregon, but he did not determine the species of fungus associated 
with it. This report attracted little or no attention from plant 
pathologists, and it was not until the discovery of wheat rosette 
(32, 44) in 1919 (then thought to be the take-all disease) that gen- 
eral attention was directed to the importance of the foot-rot_dis- 

eases. Since that time several of the European wheat foot-rots have 
been found to occur in this country, and as a result increasing in- 
terest is being shown in this group of diseases and also in the simi- 


1The writer wishes to acknowledge the helpful suggestions given by J. J. Davis and 
E. M. Gilbert, of the University of Wisconsin, and by C. L. Shear, of the U. S. Department 
of Agriculture, in connection with the mycological phases of this bulletin. 

2'The serial numbers (italic) in parentheses refer to ‘“ Literature cited,’ at the end of 


this bulletin, 
44918°-—25—_—-1 
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lar diseases which Bolley (8, 9, 70) and his associates (4) pointed 
out some years ago in connection with the general deterioration of 
wheatlands in the spring-wheat region. 


USE OF THE TERM “ FOOT-ROT” 


From the foreign literature and from conferences with foreign 
workers who have visited America recently, it seems apparent that 
the term “ foot-rot,” or its foreign equivalents, as generally used on 
ihe Continent of Europe, applies to a set of more or less similar plant 
symptoms which appear to be caused by one or more fungous para- 
sites. A study of the literature indicates, however, that this term has 
been applied most frequently to the disease caused by Ophiobolus 
graminis Sacc. and to those said to be caused by O. herpotrichus 
(Fr.) Sacc., Leptosphaeria herpotrichoides De Not, and L. culmi- 
fraga (Fr.) Ces. and De not. The term “foot-rot” has been used 
by most foreign workers to designate a rotting or shriveling and 
blackening or browning of the roots and the basal portion of the 
culms and the crown of wheat plants which have advanced beyond 
the seedling stage. In fact, the foreign literature dealing with the 
foot-rots gives very little information concerning seedling injury. 

In the United States Cordley (74), Dana (75), and McKinney 
and Melchers (48) have followed the European practice of applying 
the term “ foot-rot” to diseased wheat plants which had advanced 
well toward maturity, and in all these cases the diseases dealt with 
resembled the foot-rot caused by Ophiobolus graminis and the foot- 
rots which have been described in connection with 0. herpotrichus 
and Leptosphaeria herpotrichoides. Atanasoff (7), working with 
the wheat malady caused by Gibberella saubineti, also appled the 
term “ foot-rot ” to that disease as it occurs on the base and roots 
of plants well advanced in development. Drechsler (79), in his 
studies of grass diseases caused by species of Helminthosporium, 
used the term “ foot-rot” in the same sense as Atanasoff. On the 
other hand, Stevens (66, 67), working with the wheat disease 
caused by Helminthosporium sativum,’ applied the name “ foot-rot ” 
to the diseased base and roots of young seedlings and to older wheat. 
plants as well. His usage of the term includes the diseased condi- 
tion which most workers, Atanasoff (7), Johnson (35), Johnson 
and Dickson (34), Dickson (18), McKinney (45), Stakman (65), 
Weniger (74), and others, have designated as seedling blight. His 
usage also confused Helminthosporium seedling blight with the 
rosette disease. 

In view of the number of parasites causing wheat foot-rots and 
owing to the similarity in many cases between symptoms of these 
diseases, it becomes rather difficult to develop a system of common 
names which will be entirely satisfactory from every standpoint; 
in fact, the lack of knowledge concerning these diseases makes it 
impracticable to attempt to work out a detailed system at the pres- 
ent time. As pointed out, previous workers have already started 
what seems to be a rational system, and it seems well to follow this 
in a general way to avoid unnecessary confusion in the literature. 


°The writer has examined cultures of this Helminthosporium which Doctor Stevens 
ey Beds and it is very evident that the organism is Helminthosporium sativum 
NE ert 
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Accordingly the term “ foot-rot,” as used in this bulletin, designates 
a rotting or serious infection of any part of or the entire basal por- 
tion of wheat plants which have advanced beyond the seedling * 
stage. The term thus includes a basal culm or stalk rot, crown-rot, 
and root-rot, occurring separately or together, which may be caused 
by any parasite. 

The term “seedling blight” is used, as it has been by the workers 
previously mentioned, to designate a severe injury or killing of the 
seedling and includes the complete blighting or partial discoloration 
of the leaves as well as stem-rot and root-rot caused by any parasite. 

While this bulletin deals primarily with the foot-rot diseases, other 
manifestations than foot-rot are considered incidentally in the sec- 
tions dealing with parasites which attack all parts of the plant. 


TAKE-ALL, THE FOOT-ROT CAUSED BY OPHIOBOLUS GRAMINIS 
COMMON NAMES 


Straw blight, England. Smith (64), 1884. 

Foot disease (maladie du pied), France. Prillieux and Delacroix (57), 
1890. 

Foot-rot (piétin), France. Schribaux (63), 1892. 

Black-foct (pied noir), France. Gaillot (25), 1897. 

Die-back disease (tachigare-byo) and white wilt, Japan. Hori (31), 
1901. 

Take-all and white-heads, Australia. McAlpine (41), 1904. 


Several other names have been associated with this type of disease, 
but in these cases it is not clear that Ophiobolus graminis Sacc. was 
the cause. Also, some of the names mentioned evidently were applied 
to the disease before O. graminis was found associated with it, as is 
undoubtedly the case with the names straw blight, take-all, and white- 
heads. It seems evident that the name “take-all” was not the first 
one applied to the disease caused by O. graminis, but, as priority is 
not. always adhered to in deciding the usage of common names of 
diseases, this name is used because it is the most common among 
English-speaking people and is the one now accepted in this country. 


_ GEOGRAPHIC DISTRIBUTION 


Take-all was first found in the United States (62) in 1919 near 
Roanoke, Va. These diseased wheat plants were sent to the Office of 
Cereal Investigations of the United States Department of Agricul- 
ture on June 16 by Dr. F. D. Fromme. Later the plants were exam- 
ined and mature perithecia of Ophiobolus graminis were found on 
them.’ Since 1919 this disease has been found in several new loca- 
tions, until now it is known to occur in most of the winter-wheat 
areas in this country. Locations where the disease has been found 
and relevant information are given in Table 1, and the locations are 
shown in Figure 1. These show that the disease is well distributed 
throughout the United States, thus making it practically impossible 
to get accurate information concerning its origin. Indications are 
that the disease has not been introduced recently, but rather that it 
existed here for many years before being observed. The more exten- 
sive distribution of the disease in western New York might be taken 


*The term “seedling ’”’ as here used applies to the young plant before it has developed 
its permanent root system. 
5 This fungus was identified by R. W. Goss, A. G, Johnson, and the writer. 
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as an indication that it was first introduced there, but this can hardly 
be assumed, as it is entirely possible that infested material may have 
been introduced at several points at different times from different 
parts of the world. 


TABLE 1.—VDistribution of take-all caused by Ophiobolus graminis in the 
United States 


[The sources of information for items marked with an asterisk (*) are the various reports of the Office of 
Plant-Disease Survey of the United States Department of Agriculture] 


Year State and county Collector rganism identified by— 
ARKANSAS 1 
S102 [eames eva Washington______- IEE SRR OSCM 84 2a ee ees H.R. Rosen and J. A. Elliott. 
CALIFORNIA 
O23 ee = eo NiO1OS eases H. B. Humphrey and W. W.| H. B. Humphrey and W. T 
Mackie. Horne. 
INDIANA 
SLO QT eet Km OX ie oe a ee, Se ee cee = ene H. S. Jackson. 
KANSAS 
1922—=1923 55 28 Dickinson== L. E. Melchers and the writer__| H. Fellows, R. P. White, and 
the writer. 
WOW Soa Ricesty. .- 335-34 = 2h) Bia te 12 eee A eee ae L. E. Melchers and R. P. White. 
1928 Soe -- 23 2ee Shawilee s25- 522223 |Se2c eee eee oe eee R. P. White. 
192364 eee Riley see eee L. E. Melchers and the writer__| H. Fellows, R. P. White, and 
the writer. 
MARYLAND 
ODD ahaa ae As 5 eee Ken G2 ae een IXEAG Ba ORW a ee J. B. S. Norton and A. G. John- 
son. 
NEW YORK 
*1921-1923______ CaylltoEee ee R.S. Kirby and others__________ R. S. Kirby and others. 
STGP TIGRE Se ee Cortlandss=sieess ea (6 (yee a Ee ka ee Do. 
SAQQIY Ps. DEES. Hiriews tes. eee Ge ae Gn 22 Beth See eee Do 
*1920-1923______ Geneseese for is Lees OSS bn 4s eee Do. 
*1921-1923______ VANE SLOT == een eee (0X0 /eee area ees OOS Sees dee. ee 4 E Do. 
SPA See oe IMA disonnee es aas | eames GO 22 ee eee eS a Se Do. 
7A92I— 1923020 See IVEOTIRO CLS ee es cmeree | asa G02 ee ee eee Do. 
OV IS Sith ae eee Oncida= 27 4 bes GOES. See ee er ee Do. 
“AG PA ae ps eee” Qnondar ase eee GOS St ee ee eae a Do. 
mLO2 OZ Suter Ontaniote 225 Sako. a Goud. see ee See ST Do. 
sil v7 eee Be ed Orleanstaiees aes G02 Sah 2k aie ee a Do 
“PAL ys) Ses Oswegosaes 52 22 |Leees GOn eed eee oe oe eee Do 
OD eee amas Schiylenessse eas | beeen 6 0 ape nea Soe i AES a Do 
*1921-1923______ Seneca os: 32224 Vea COPS. SS eee Do 
*1921-1923______ ARomip ka See ee | ee CO Be 5 oR ee EE Ne Do. 
SO 1—1 923 eee Waynes... eee ees GOSS ees Soe ee ee eee Do. 
ACPA OS no a ee Wyoming esi es GOs S20 etd See eee Do. 
ht) eee Soy eer 8 Waites 4 ee ae Ss] a Bd (0 {0 meena Reiie  2s aP aioe Said Do 
NORTH CAROLINA 
1h Pye eet Sli Alexander__._-_-_- F. A. Wolfand G. W. Fant____- F. A. Wolf. 
G23 tr prceet ake oe Cabarniis i= eee | aan Gok 2S a ee ae ee Do. 
1923 see cee sees hredells Ac. aes ee eee doe ee et eee nee Do. 
O25 Re er ai lincolnes22_ ss HY. ACWOlES Ace. Sri ee ae A. G. Johnson. 
OREGON 
PIOZIE 19232 n= Ontos sate H. P. Barss, M. B. McKay, A. | H. P. Barss, M. B. McKay, A. 
G. Johnson, and H. Fellows. G. Johnson, and H. Fellows. 
PNGZA Se <5 eto Hood: River: 820 velo eee ee ee H. P. Barss. 
PIOQULAS ESSE EP: Mane. 22. eel) i See ees eee ee Do. 
BLOT cet ae So Washington 2. 2s) aes ee a ee ee eee Do. 
1h 5 Sele Sc oda) il Clackamas: ----__- HT. Wellows i224 22 ei eat H. Fellows. 
TENNESSEE 
pL ORS Bae sates Knox._._.........| C. D. Sherbakoff and H. B./| C. D. Sherbakoff and H. B. 
Humphrey. Humphrey. 
VIRGINIA 
TOLD ree aco ems Roanoke -2+ cere KAD thrommeze eee eee R. W. Goss, A. G. Johnson, and 
| the writer. 
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As yet the disease has not been found in the hard spring-wheat 
belt of the United States. Fraser (24), however, in 1923 found the 
disease severe in one field of Marquis (spring) wheat in Saskatche- 
wan, Canada. Davis® found Marquis susceptible to infection by 
Ophiobolus graminis. We also found that this variety became 
badly infected when sown in infested soil in the spring out of doors 
at Madison, Wis. These plats were inoculated with a pure culture 
of the parasite the previous fall and subjected to outside conditions 
during the entire winter. It is evident, therefore, that take-all will 
develop in the spring-wheat region if the fungus is present. 

Although the take-all infested areas occurring in this country 
are relatively small, it is important to note that as infection centers 
they are located at rather strategic points. The disease seems to 


Fic. 1.—Outline map of the United States, showing locations, indicated by dots, where 
wheat take-all has been found 


have a firm hold in the center of the hard winter-wheat belt, and 
observations show that it is steadily spreading. 


ECONOMIC IMPORTANCE 


Take-all is capable of causing great losses in the United States by 
knlling the plants outright or by producing badly shriveled grain. 
In fields where the disease is abundant it prevents successful wheat 
erowing. In some regions it has not been uncommon to find fields 
where it caused a decrease of 50 to 60 per cent of the grain crop, 
and greater losses frequently occur. In this connection, H. P. 
Barss reported to the Office of Plant-Disease Survey that in 1921 
he observed 50 acres of wheat in Oregon in which 10 acres were 
entirely destroyed by this disease and 20 acres were hardly worth 
harvesting. On the other hand, many of the infested fields observed 
have shown only a relatively small amount of infection, and owing 


® Davis, R. J. Studies on Ophiobolus graminis Sacc. and the Take-All Disease of Wheat. 
(Unpublished manuscript.) 
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to seasonal conditions the severity of the disease has increased or 
decreased from one season to another. It has been found, however, 
that where wheat follows wheat repeatedly on infested land, the 
take-ail spots increase in size slowly but steadily, and newly in- 
fested areas become evident. 

In Australia McAlpine (42) states that take-all is more dreaded by 
farmers than rust, and Brittlebank (//) says: “ Of all fungous dis- 
eases affecting wheat ‘take-all’ is the most destructive, and the ac- 
tual loss caused by it is far greater than by any other single dis- 
ease, rust included, or perhaps by a combination of all known fun- 
gous diseases affecting wheat in Victoria.” Darnell-Smith (/6, pp. 
25-27) states that i New South Wales take-all reduces the wheat 
yield as much as 50 per cent in the affected fields. According to E. 
Foéx’ take-all is of considerable economic importance in France, 
and it was especially severe in 1912, 1913, and 1914. Hori (37) 
states that take-all appeared in Japan about 1891, extending its 
range from year to year. In 1901 the disease had spread widely 
from Kanto, the original center of infestation, and in many lo-. 
calities had become a limiting factor in successful barley and wheat 
production. 

Many other accounts could be cited regarding the importance of 
take-all abroad, but the ones given will suffice. In this country the 
strictly economic importance of the disease from the national point 
of view is potential. Apparently Ophiobolus graminis has not oc- 
curred in the United States long enough to cause such large losses 
as it does in foreign countries. However, it apparently is a subtle 
type of parasite which when once established probably can not be 
totally eradicated. It may increase steadily and eventually cause 
as great losses in this country as it does abroad if adequate control 
measures are not developed. 


DESCRIPTION OF THE DISEASE 


In describing the symptoms manifested by the foot-rots, the 
writer wishes to emphasize that under certain conditions some of 
these diseases are difficult to distinguish from each other. This is 
especially true in certain cases regarding general field appearances, 
such as spotting, and it is becoming more evident as our studies pro- 
gress that gross plant symptoms, such as stunting, yellowing, bronz- 
ing, bleaching, and white-heads, are of much less value as diagnostic 
characters of the specific foot-rots than has been thought heretofore. 

The fungus causing the take-all disease attacks all of the under- 
ground parts of the plant and parts near the soil line, but there is no 
evidence which indicates that Ophiobolus graminis attacks the leaves, 
heads, or parts of the stem which are some distance above the soil 
line. The symptoms manifested by these parts of diseased plants 
appear to be brought about wholly as a result of the destruction of 
the root system and basal portion of the affected plants. 


FIELD APPEARANCE 


The writer has never noted any conspicuous indication of take-all 
during the fall in fields of winter wheat. Occasionally a plant will 


7 While on a visit to this country in 1920 Doctor Foéx very kindly gave the writer 
considerable information concerning the occurrence to foot-rots in France. 
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show visible signs of attack at this time, but there is no outstanding 
manifestation of the disease even in areas known to be infested by 
the causal organism. In general, these observations seem to be in 
accord with those made by Hori (3/7), who has studied this disease 
on barley, wheat, and rye in Japan. 

In the spring the disease may appear in large or small areas, and 
it frequently causes a spotting in fields, as shown in Plate I. Often 
many small spots are scattered throughout infested fields, giving 


' them a very ragged appearance, as shown in Plate I, B. These 


a? 


spots are very conspicuous on account of the bleached-yellow or red- 
dish yellow color of dead or dying plants. In some cases the diseased. 
plants may break over at the base, but from the writer’s experience 
this seems to be the exception rather than the rule. Frequently the 
disease may not appear until late in the development of the wheat 
plants, causing a bleaching of the whole plant, producing the condi- 
tion called white-heads in Australia. Plants showing white-heads 
may occur in spots or they may be scattered singly or in small groups 
throughout a large area. 


DISEASE SYMPTOMS 


On the basis of the work of Davis it seems evident that the 
wheat plant may become infested by the take-all fungus at any time 
during its life. Although the work of Davis indicated that seedlings 
are more susceptible to infection than older plants grown under the 
same conditions, it is of interest to note that seedling blight is not 
commonly found under natural field conditions. Under experi- 
mental conditions, however, seedling infection and killing take place 
regularly, probably on account of the fact that a greater quantity of 
the organism is present in the artificially inoculated soil than in 
most field soils. Typical seedling injury caused by Ophiobolus 
graminis is shown in Plate Il. The specimens photographed were 
from an inoculation experiment in which a pure culture of the fun- 
gus was added to the soil when the seed was sown. Older plants 
infected with the parasite under natural field conditions are shown 
in Plate III. It will be noted that the aboveground portions of the 


‘diseased plants show a bronze to yellow coloration. The under- 


ground portion of the tillers, the crown, and the roots show brown 
to black lesions or a general brown to black coloration and rotting. 
Close examination of the blackened areas will show the presence of a 
crust of interwoven mycelium (“mycelial plate;” Pl. IV, A). On 
the stems this crust occurs on and under the coleoptile and leaf 
sheaths and is attached to them or to the stem. Under certain con- 
ditions the small black perithecia (Pl. IV, B and () of the parasite 
will be found on the inner side of the leaf sheaths with their beaks 
projecting through the outer surface. They may appear also on 
the roots. It is not uncommon, however, to find an abundance of 
disease in some localities without any development of perithecia on 
the affected plants. This condition also frequently: occurs on dis- 
eased plants growing under pure-culture conditions where O. gram- 
enis is the only fungus present. 

When plants are attacked after the seedling stage, they react in 
essentially the same manner as seedlings. In many cases the lower 
Jeaf sheaths of such plants are held together tightly and all the 
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sheaths are held fast to the culm by the dense growth of interwoven 
mycelium. 

Plants which are attacked during the middle of the summer grow- 
ing period usually remain erect and stiff until cut down at harvest. 
However, cases have been noted where such plants break over at the 
base. When an attempt is made to pull the diseased plants out of 

, the soil they frequently break off at the soil line, and when this break- 
ing does not occur it will be found frequently that the root system is 
badly rotted. 

When plants become infected or react to previous infection after 
the heading stage, the whole plant becomes bleached, and a white- 
head condition results. Such heads produce no grain or grain which 
is of light weight, depending on the stage of seed development at 
the time the plant succumbs to the attack by the fungus. 

It is not uncommon to find plants showing only a mild root or 
culm infection without any apparent injury to the aboveground 
parts. In such cases the bases of the culms may show only a black- 
ening, with no indication of tissue disintegration, and the roots will 
have but few lesions. It also is common upon removing dead plants 
from the soil to discover that their culms are perfectly clean and the 
root system completely rotted. Likewise there are cases where death 
is apparently due entirely to the rotting of the culms and crowns. 
In many cases some of the culms of a plant are killed and the others 
unaffected. | 

The writer has observed that a small percentage of experimental 
plants infected with Ophiobolus graminis tends to develop more of a 
brown than a black discoloration at the bases of the culms, a condi- 
tion resembling the browning produced by Helminthosporium sati- 
vum and by Grbberella saubinetu. This browning, however, is 
seldom produced by O. graminis without some development of a 
black or dark-brown mycelial weft or plate on the browned parts 
of the plant, which plate is absent from the bases of plants attacked 
by H. sativum or G. saubinetii. In this connection, however, the 
writer does not wish to imply that O. graminis is the only wheat 
parasite that produces a mycelial plate. 


CAUSE OF THE DISEASE 


Take-all is caused by a sac fungus, which has been generally 
designated by the name Ophiobolus graminis Sacc. ever since 
pathologists recognized that this parasite is associated with this 
disease. It now appears, however, that certain workers doubt the 
validity of this binomial, and it may be well to present the available 
evidence bearing on the subject. 

In going over the literature it appears that Berlese (7, pp. 119- 
120) made a study of certain species of Ophiobolus and reported 
| that there are certain cases of synonymy. He compared the type 
specimens of Ophiobolus eucryptus (Berk. and Br.) Sacc., O. cariceti 


(Berk. and Br.) Sacc., and O. graminis Sacc. and found that they 
agreed. On the basis of these comparisons Berlese held that inas- 
much as the name O. eucryptus antedated the other two by a number 
of years the latter names become invalid. Strangely enough, how- 
ever, Berlese’s interpretation was never generally accepted, and 


= bel 
; 
. 
: 


Bul. 1347, U. S. Dept. of Agriculture PLATE | 


SPOTS OF FOOT-ROT IN WHEAT FIELDS IN CENTRAL KANSAS 
Photographed June 12, 1921 
A, Foot-rot spot in a field of Turkey wheat; B, scattered small foot-rot spots in a field of 


Kanred wheat in which Ophiobolus graminis, Helminthosporium sativum, and Wojnowicia 
graminis were present 


med it pie —— 
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A Hoen& Co Baliimore 


TAKE-ALL OF GOLDCOIN WHEAT—I 


The seedling at the left is healthy, and the five others at the right show various degrees of severity of 
seedling blight following artificial inoculation with a single-spore strain of Ophiobolus graminis iso- 
All the roots on the diseased 


lated from a wheat plant affected with take-all near Corvallis, Oreg. 
plants were badly rotted. Note the reddish brown tv black lesions and rotting at the base of the stems 
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TAKE-ALL OF GOLDCOIN WHEAT-—II 


A healthy seedling is shown at the right. 
field condition near Corvallis, Oreg., 
condition. 


PLATE Ill 


A.Hoen & Ca Balhmore. 


The three others were killed by Ophiobolus graminis under 
in 1921. Note their blackened bases and stunted, yellowed 
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OPHIOBOLUS GRAMINIS ON WHEAT 


A, Mycelial plate from underground leaf sheath, 450; B, necks of perithecia projecting 
through basal sheath of wheat plant affected with take-all, X20; C, perithecium on under 
side of basal wheat leaf sheath and free asci and ascospores, X135 


rd 
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pathologists over the world continued to designate the take-ail 
fungus 0. graminis. 

Fitzpatrick, homas, and Kirby (2) inquired into this subject. 
They concluded that Berlese was in error concerning the identity of 
Ophiobolus eucryptus with O. caricett and O. graminis and held that 
the take-all fungus should be designated O. caricet?. In going over 
the evidence presented by these workers it is found that “they were 
unable to obtain mature ascus-bearing type material of any of the 
three species under discussion. They did study specimens of O. 
eucryptus on iris, an entirely different host plant from the original, 
and found the asci and ascospores to be different from those of the 
take-all fungus they were studying. As to O. cariceti, they base 
their identification of this on material in Cooke’s herbarium col- 
lected by Broome but clearly not part of the type collection, and it 
is doubtful whether Broome even identified the fungus on this ma- 
terial, as evidenced by Wakefield’s letter published by Fitzpatrick 
and his collaborators (2/). 

From the evidence presented by Fitzpatrick, Thomas, and Kirby 
it seems reasonable to believe that no ascus-bearing type specimens 
of Ophiobolus eucryptus and O. cariceti are now in existence, but the 
original descriptions and figures (5, 6) may be taken to represent 
them. Reference to these descriptions and drawings shows that O. 
cariceti is described with ascospores measuring 0.003 to 0.004 inch 
(76.2 to 101.6 microns) in length, whereas O. eucryptus is described 
with ascospores measuring 1/500 inch (50.8 microns) in length, thus 
clearly showing that two distinct species are.involved. In view of 
the wide difference between the spore lengths given in these original 
descriptions it is difficult to understand the interpretation of Berlese 
(7) that the two species are identical. It is possible that he com- 
mitted an error when he compared the types of these species, as was | 
pointed out by Hitzpatrick, Thomas, and Kirby, but if he did it 
seems quite clear that his comparison between the type materials of 
O. cariceti and QO. graminis should also be looked upon with doubt 
and certainly should not be considered as a basis for a change in the 
nomenclature of the take-all fungus, as was done by Fitzpatrick and 
his collaborators. 

It is also possible that Berkeley and Broome described their ma- 
terial inaccurately, but in the absence of the type specimens it is im- 
possible to determine this point, and it therefore seems quite clear 
that Ophiobolus eucry ptus and O. cariceti can not now be considered 
identical. 

As to the identity of Ophiobolus graminis with the other two 
species under discussion at present it is only possible to compare the 
published descriptions. A study of the type material of O. graminis, 
which is presumably in existence, might throw some light on the 
matter, but this seems doubtful, because all of the take-all fungus 
which has been described by var ious workers has essentially answ ered 
Saccardo’s description of O. graminis. This fungus is described as 
having ascospores measuring 70 to 75 microns in length and 3 
microns in width. Clearly this length dimension falls between those 
for O.eucrypius and O. cariceti. ‘As the exact widths were not re- 
corded for the last mentioned species, this can not be used as a means 
of comparison. 
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In comparing the ascospores and perithecia of several strains of 
Ophiobolus obtained on wheat from various localities in this country 
with the three original descriptions under consideration, it seems evi- 
dent that we are dealing with O. graminis Sacec. The writer has 
noted some variations in the size of spores in the several strains of 
O. graminis being studied, but such variations have not tended in the 
direction of O. cariceti, nor have they yet been found to vary to the 
extent that they reached the length recorded for O. eucryptus. 

Rather extreme variations in the size and shape of the perithecia 
of Ophiobolus graminis also have been noted by the writer, and it 
has been found that the frequently smooth pycnidia of Wojnowicia 
graminis (McAlIp.) Sace. and D. Sacc. are in many cases indistin- 
euishable from the perithecia of O. graminis both with respect to 
form and position on the host. Frequently the pycnidia of W. 
graminis and the perithecia of O. graminis are found on the same 
plant, and the pycnidia often occur independently on diseased wheat 
plants in the areas where 0. graminis occurs. As yet our own studies 
have not advanced to the point where we can be certain that we are 
dealing with O. graménis on diseased wheat plants until the contents 
of mature fruiting bodies have been examined microscopically. The 
writer knows of no published work giving descriptions or methods 
which will assist in distinguishing with certainty the perithecia of 
O. graminis from many of the pyenidia of W. graminis, and all 
observations which have been made by him indicate that any attempt 
to identify O. graminis on a basis of the perithecia, as suggested by 
Fitzpatrick, Thomas, and Kirby (27), is likely to lead to error. 

As the problem of nomenclature of the take-all fungus now stands, 
it appears that ascus-bearing type material of Ophiobolus eucryptus 
and (. cariceti is no longer in existence, and therefore the original de- 
scriptions and drawings of these species are our only means of 
identification. On the basis of these descriptions and on that of 
Saccardo for O. graminis it is only reasonable to consider that all 
three species are distinct, and as the Ophiobolus, which the writer 
and many other workers, including Fitzpatrick, Thomas, and Kirby 
(27), have found to cause the take-all disease essentially conforms 
to Saccardo’s description, the writer will continue to designate it by 
the widely accepted name Ophiobolus graminis Sacc. 

Ophiobolus graminis was considered the cause of a foot-rot in 
Europe and take-all in Australia for a number of years before the 
experimental proof was presented. Mangin (50) and Delacroix 
(17), working in France, carried out inoculation experiments which 
indicated rather clearly that this organism causes the disease in 
question. In these experiments these workers obtained ascospores 
of the fungus from perithecia produced on diseased plants. They 
prepared water suspensions of these ascospores and applied them to 
soil in which wheat plants were growing. In the case of Mangin’s 
experiments infection was somewhat delayed, but after replanting 
in the inoculated soil he obtained the disease. Delacroix found, more 
readily than did Mangin, that O. graminis produced typical foot- 
rot (take-all) symptoms. Plants growing under the same condi- 
tions but in uninoculated soils remained healthy. While all the 
plants growing in Delacroix’s inoculated soil did not become in- 
fected, those which did showed the typical symptoms of take-all. 
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Waters (73), working in New Zealand, demonstrated the patho- 
genicity of the fungus by applying pure-culture material to wheat 
plants growing in tubes of sterilized soil. Kirby (37) and Davis, 
working in this country, have found O. graminis pathogenic on 
wheat and capable of producing the symptoms of take-all. 


HOST RANGE OF OPHIOBOLUS GRAMINIS 


In Australia (42), New Zealand (72), Japan, (31), and France 
(25) this parasite attacks wheat, rye, and barley. McAlpine (4/) 
states that in Australia the fungus occurs on Bromus sterilis, an in- 
troduced grass, and Darnell-Smith and MacKinnon (16, pp. 25-27) 
say that the fungus also occurs on Hordeum murinum. According 
to Waters (72), in New Zealand the fungus has been found to attack 
H. murinum, B. sterilis, and Agropyron repens. In Japan Hori 
(31) reports that the organism also parasitizes wet-land rice. In 
England the fungus has been reported frequently on wheat and oats, 
and it has been found on oats in Australia, but from the literature 
and from observations made in America it is evident that oats are 
not seriously injured by this parasite. In fact, Sutton (68) claims 
that under Australian conditions oats are practically immune from 
the attack of this fungus and that this crop assumes an important 
place in rotations on soils infested with the parasite. 

In America Ophiobolus graminis has been found to occur naturally 
on wheat, rye (37), Agropyron repens (37), Bromus secalinus (61), 
Chaetochloa geniculata (61), Festuca octofiora (61), F. elatior (61), 
and Hordeum pusillum (61). .Kirby (37) has artificially inoculated 
several wild grasses growing under greenhouse conditions and found 
that a number of species are susceptible to Ophiobolus infection. Of 
the 48 grasses studied just half the species were susceptible. Six 
common species of Agropyron were inoculated, and all became in- 
fected. According to Kirby’s data A. repens developed the most 
severe infection of all the wild grasses inoculated. On the whole, 
these inoculation tests indicate that many of our most widely dis- 
tributed wild grasses may play an important part in carrying O. 
graminis from one season to another, thus materially complicating 
any control program. 


LIFE HISTORY OF OPHIOBOLUS GRAMINIS 


As pointed out by Lindau (40) and Kirby (37), the complete life 
cycle of this parasite is not known with certainty. Several workers 
claim to have found a conidial stage, but this has never been proved 
definitely. Mangin (50) thought the conidial stage to be Coniospo- 
rium rhizophilum, but his evidence was based on the mere association 
between the latter form and Ophiobolus graminis on diseased wheat 
plants. McAlpine (4/7) found an undescribed pycnidial form asso- 
ciated with O. graminis which he says appeared to be the pycnidial 
stage of the latter organism. McAlpine described the pycnidial form 
and named it Hendersonia graminis n. sp. Subsequently Saccardo 
and D. Saccardo transferred the species to the genus Wojnowicia, 
and thus the name became Wojnowicia graminis (McAlp.) Sacc. and 
D. Sace. This fungus has been found associated with O. graminis in 
this country, but, as pointed out by McKinney and Johnson (47), the 


12 BULLETIN 1347, U. S. DEPARTMENT OF AGRICULTURE Pr 


cultural behavicr of these two forms is sufficiently different to cause 
one to doubt any genetic connection between them. 

Kirby (37) reports that the ascospores of Ophiobolus graminis live 
through the winter in the soil. Davis® confirms this. He also 
found that the mycelium survives the winter. Many workers seem 
to consider that O. graminis infects chiefly, if not entirely, by means 
of its ascospores, but no doubt the mycelium is of importance also, 
especially as several workers (37, 73) have shown that the fungus 
mycelium can live saprophytically for a time at least and that the 
mycelium is infectious. Further data are needed on the relative im- 
portance of ascospores and mycelium as infective agents. Informa- 
tion is also lacking on the relative importance of ascospores and my- 
celium as hold-over infective materials. It seems well to consider the 
possible importance of the vegetative stage of the fungus under field 
conditions. General field observations indicate that the fungus can 
not exist long as a saprophyte, but experimental evidence on this 
point is lacking. 

The writer has noted some irregularity in the habits of this fun- 
gus with regard to the production of fruiting bodies. This has 
been especially noticeable in the take-all experimental plats located 
at Abilene, Kans., and on the agronomy plats located on the experi- 
ment station farm at Manhattan, Kans. During the past four years 
the symptoms of take-all have developed in a more or less typical 
vay at Abilene, but not until 1923 did the writer find the mature 
perithecia of the fungus, and then the fruiting bodies were very 
scarce and difficult to find. Doubtless perithecia had developed 
previously, but they were not found. In Oregon it has been noted 
that the fruiting bodies of the fungus do not develop as frequently 
in some years as in others. The writer examined take-all plants 
collected near Corvallis, Oreg., in 1921, and found that perithecia 
were very sparse. In 1923 take-all plants were collected by H. 
Fellows in a field adjacent to the one observed in 1921, and fruiting 
bodies were found to be exceedingly abundant. These observations 
are borne out in a measure by McAlpine (47), who states that “ In 
dry seasons and during certain periods of the year only the vegeta- 
tive portion of the fungus may be found * * *.” If perithecial 
development is influenced by seasonal factors it probably is also 
affected by climatic differences in different localities. Take-all 
material collected in North Carolina and New York shows an abun- 
dance of fruiting bodies on a large proportion of the diseased stalks. 

Kirby (38) has stated that Ophiobolus graminis is heterothallic, 
which, if true, would explain some of the irregularities cited in con 
nection with the production of perithecia. However, the studies by 
Davis indicate that more evidence must be presented before the 
occurrence of heterothallism in QO. graminis is fully established. 
In certain strains of this fungus Davis has shown clearly that hetero- 
thallism does not exist. 


FACTORS INFLUENCING THE DEVELOPMENT OF TAKE-ALL 


Many statements are found in foreign literature regarding the 
influence of weather and seasonal conditions on the foot-rots and 
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take-all. In nearly all cases conclusions have been based on rather 
casual observations, which in many instances have been made with 
regard to foot-rots in general rather than a specific foot-rot. Obvi- 
ously, many uncontrollable factors enter into field observations 
which make it very difficult or impossible to interpret properly the 
exact influence of seasonal and climatic factors, and it becomes nec- 
essary to carry out experiments in which the conditions can be con- 
trolled to a greater degree than is possible in the field. Such experi- 
ments dealing with the influence of temperature and soil moisture 
have been carried out by R. J. Davis and the writer, and the results 
will be published in another paper.® In general, these results show 
that fairly low soil temperatures (12° to 16° C.) are most favorable 
for the infection and injury of seedlings and young wheat plants. 
They also indicate that take-all is more severe when the soil is too 
wet or too dry for the best development of the wheat plant. How- 
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Fic. 2.—Curves representing the influence of soil temperature on the infection 
and injury of seedlings and young plants of winter wheat when grown in ex- 
perimental soils infested with pure cultures of Ophiobolus graminis, Helimnin- 
thosporium sativum (45), and Gibberella saubinetti (18). As these curves 
are based on experiments conducted under somewhat different conditions and 
as the data were not all obtained in exactly the same manner the curves do 
not express with complete exactness the relative infective powers of the three 
parasites 


ever, wet soil seems to be more favorable for the disease than dry 
soil. The general summary of the results obtained in temperature 
studies is represented by the curve shown in Figure 2. Other phases 
of the take-all disease must be studied before it will be possible to 
analyze thoroughly the temperature and soil-moisture data now in 
hand, and these latter factors also need further study. As pointed 
out earlier in this bulletin, Ophiobolus graminis behaves in a very 
perplexing way at times in regard to both fruiting and infection; 
and, aside from apparent differences in strains of the fungus, it 
seems probable that environmental factors may be playing an im- 
portant role in bringing about some of these irregularities. 

The exact influences of soil type and fertility on the development 
of take-all are not definitely known, but it seems evident from the 
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reports of foreign workers and from observations made in this coun- 
try that there are other factors which exert greater influence on the 
development of the disease than these. Hori (37) states that the 
disease seems to be more prevalent in Japan on clay, clay loam, and 
gritty clay land, and he has found the disease less prevalent on sandy 
soil. McAlpine (4/7) and Sutton (68) in Australia find that the 
disease occurs on all kinds of soils and in all locations. It is stated 
also that take-ail is serious on the best soils. In this country take- 
all is not restricted to any particular soil type or to soils showing 
any particular degree of fertility. The writer has observed fields in 
Kansas, Oregon, and New York where the disease occurred on the 
best of soil. However, in other localities, as in Knox County, Ind.., 
and in Arkansas, the disease appeared on soils poor in texture and 
fertility. Rosen and Elhott (67) reported that take-all was as- 
sociated primarily with poor infertile soils. -This is true for the 
known locations of take-all in Arkansas, but more extensive ob- 
servations in other parts of the country show distinctly that this 
correlation does not always exist. 

The effects of fertilizers and amendments and tillage methods on 
take-all will be considered later in connection with control measures. 


CONTROL OF TAKE-ALL 


It has been pointed out elsewhere in this bulletin that there is no 
evidence that Ophiobolus graminis infects the heads or seed of plants, 
and therefore seed-treatment methods have little bearing on the 
control of take-all. However, as bits of straw bearing the perithecia 
and mycelium of the fungus may get into the grain at threshing time, 
care must be exercised in connection with the use of seed from fields 
infested with take-all. Such seed should be very thoroughly cleaned 
before sowing, in order to prevent the introduction of the fungus 
into the soil through the seed, or, better still, avoided entirely. 

Take-all is caused by a soil-borne parasite; hence the problem of 
its control becomes immediately centered on the soil and on cropping 
methods. As in the case of observations dealing with the influence 
of seasonal conditions on the development of the disease, many 
of the control measures which have been recommended have had to 
do with more than one foot-rot or with a foot-rot of uncertain 
cause. In most cases field experiments dealing with soil treat- 
ments and cropping and tillage systems have been carried out in 
plats which were not uniformly infested with the parasite, and in 
other cases the experiments have not been conducted over sufficiently 
long periods to enable the drawing of reliable conclusions. The 
writer’s experience with take-all in this country indicates that it is 
rather difficult to find uniformly infested areas which are sufficiently 
large for plat treatment and cropping experiments, and no doubt 
foreign workers have encountered the same difficulty. This con- 
dition makes it necessary to use relatively small plats of uniformly 
infested soil in conjunction with larger field plats, and in addition it 
is essential that experiments be carried on over a period of years 
before arriving at definite conclusions. 

The control influence of various fertilizers has been studied by 
several workers, but there is not full agreement as to the influence 
of these treatments on the disease. Reuther (60) claims that ex- 
cessive nitrogen favors take-all and other foot-rots, but he thinks 
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that fertilizers containing potassium tend to reduce their severity. 
Hori (31) states that take-all is most severe when applications of 
nitrogenous fertilizers have been made and when the three essential 
elements are unbalanced. Other investigators claim that nitrogen- 
ous fertilizers intensify foot-rot; still others, that they tend to con- 
trol it. It is not clear in all cases, however, that these investigators 
are dealing with Ophiobolus graminis. Rosen and Elliott (67) 
report that during the one year their experiments were conducted 
the amount of take-all was greatly reduced by the use of a complete 
wheat fertilizer and farm manure. 

In general, it seems that the phosphate fertilizers, such as acid 
‘phosphate, Thomas phosphate, and superphosphate of lime, tend to 
reduce take-all, whereas nitrogenous fertilizers tend to increase the 
severity of the disease. While further studies must be made before 
the exact influences of these fertilizers on take-all will be known, it 
would seem apparent from results now in hand that the success of 
these materials is tied up with some other influencing factor or set 
of factors. 

There are several statements in the literature cited concerning the 
effect of lime on the development of take-all, but, as Brittlebank (77) 
points out, it is not definitely known whether the disease is favored 
by an acid or an alkaline soil. In some of Brittlebank’s field ex- 
periments he found that applications of lime to the soil increased 
the infestation of take-all, but he was not inclined to draw definite 
conclusions from these experiments on account of their short dura- 
tion. Kirby (37) studied the influence of various hydrogen-ion 
concentrations on the growth of Ophiobolus graminis in pure culture 
and reported that alkaline media were most favorable. He also 
carried on pot experiments in which he made applications of lime 
and sulphur. Although these were rather hmited, Kirby concluded 
that lime favors development of the disease. 

Davis made preliminary studies on the growth of several strains 
of Ophiobolus. graminis on artificial media varying in hydrogen- 
ion concentrations, and his results indicate that growth is favored 
by a slightly acid substrate. Kirby and Davis did not follow exactly 
the same methods, in that Kirby’s cultures were grown in the dark 
and those of Davis in the ight. Also, Davis’s cultures were grown ~ 
for a longer period. Webb and Fellows’? took up this problem 
in a rather comprehensive manner in order that the seeming dis-< 
crepancies in the results of Kirby and Davis might be harmonized 
if possible. Their results indicate that the type of medium used and 
the method employed in its preparation have much to do with the 
influence of the hydrogen-ion concentration on the growth of the 
fungus. They have shown that under certain conditions the fungus 
is favored by an acid medium, whereas under another set of condi- 
tions growth is favored by an alkaline substrate. It appears that 
the fungus thrives over a rather wide range of acid and alkaline 
reactions when grown in certain media. This relationship makes it 
appear that the control of take-all through attempts to adjust soil 
reactions is likely to be very uncertain. 

Such disinfectants as copper sulphate, corrosive sublimate, lime- 
sulphur, and sulphuric acid have been applied to infested soil with 
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varying degrees of success in controlling the disease. Even when 
successful, however, the expense of these disinfectants in many cases 
is considerable, and under the present conditions these methods are 
not recommended for extensive application in the field. Ferrous 
sulphate has been used with a considerable degree of success in Aus- 
tralia. It is claimed that when this chemical is applied to the soil 
at rates varying between 50 and 75 pounds per acre, the amount of 
take-all is materially reduced. 

Numerous cropping systems and methods of tillage have been pro- 
posed to combat take- all, but it appears that the details of such 
methods must be worked out for the particular climatic conditions 
confronting the grower. The bulk of evidence available indicates 
that summer fallow’ ing and clean cultivation of infested land tend 
to reduce take-all in the following wheat crop. It also is generally 
accepted that oats are a safe crop for rotation on infested soil. Take- 
all is not known to occur on maize or any of the sorghums or legumes, 
and it seems apparent that these are safe rotation crops, in spite of 
the claim of certain European investigators that legumes facilitate 
the growth of the fungus in the soil. Owing to the many grasses 
attacked by Ophiobolus g graminis, take-all can not be eradicated | by 
allowing infested land to lie in pasture. The burning of infested 
stubble “immediately after harvest is recommended widely in Aus- 
traha and is consider ed one of the best means of reducing infestation. 
When this practice is followed the stubble is usually left as long as 
possible or the wheat is not cut at all. The stubble is then rolled ‘and 
burned. 

Late fall sowing has been recommended by several foreign workers 


-as a means of reducing take-all, but owing to the many uncertain 


factors entering into this practice this method should not be recom- 
mended too strongly i in the United States until more is known about 
the influences of environmental factors on infection. 

Several European workers state that heavy seeding tends to in- 
crease the severity of the disease, and they have recommended he¢ht 
seeding on infested soils. However, preliminary experiments carried 
cut in this cor untry have not given results which permit a definite 
statement on this point. 

The use of resistant varieties has been recommended by several 
workers, but as far as can be determined from the literature no va- 
riety of wheat has been found which consistently shows outstanding 
resistance to take-all. Pridham (56) tested a considerable number of 
varieties of wheat under Australian field conditions and found several 
which were not attacked so severely by Ophiobolus graminis as were 
many others. He noted that early short-season varieties were dam- 
aged less by the disease than were the late long-season ones. These 
experiments were carried on for only a year, however, and it is not 
known whether the variations shown among the wheats were largely 
varietal in nature or due in part to other variables. McAlpine (47) 
points out that on some farms Dart’s Imperial wheat is compara- 
tively free from take-all, whereas on other farms this variety is 
severely attacked. The same irregularity is said to occur with the 
variety known as Queen’s Jubilee. Kirby (37), working under 
greenhouse conditions, reports that .the wheat varieties he tested 
showed but sight differences in susceptibility to take-all. Several 
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workers report that introduced or nonacclimated varieties are more 
susceptible to take-all than are local ones. It is also stated by others 
that early varieties and red wheats are more subject to take-all than 
are the late sorts and the light-colored varieties. _ 

Although the work being carried on by the United States Depart- 
ment of Agriculture and the cooperating State experiment stations 
has not progressed far enough to warrant the publication of definite 
control measures based entirely thereon, it seems evident that certain 
measures can be safely recommended. They are as follows: 

(1) If possible, avoid the use of seed from take-all infested fields. If abso- 
lutely necessary to use such seed, it should be cleaned very thoroughly and 
given a standard seed treatment. 

(2) Avoid the continuous cropping of take-all infested land with wheat, 
barley, rye, or any of the other grass crops which may be severely attacked 
by Ophiobolus graminis. 

(3) Use nitrogenous fertilizers with caution. 

(4) Rotate with oats, root crops, or other crops which are known to be 
immune from the attacks of the parasite. None of the maize or sorghum 
species or the legumes have yet been found to be attacked by Ophiobolus 
graminis. 

(5) In localities where summer fallowing is practiced, this method of con- 
trol may be advantageous. Fallowed land should be kept free from wild or 
weed grasses. When practicable, such fallowed land should be cropped at 
least one year with a nonsusceptible crop, such as oats, corn, the sorghums, 
or a legume, before wheat is again sown. 


THE FOOT-ROT CAUSED BY HELMINTHOSPORIUM SATIVUM 


COMMON NAMES 


Root-rot, America. Bolley (10). 

Foot-rot, America. Stevens (66). 

Helminthosporium blight, America. Weniger (74). 
Helminthosporium disease, America. McKinney (43). 

Because the parasite causing the Helminthosporium disease at- 
tacks all parts of the wheat plant, several names have been applied 
to describe the various symptoms produced. However, as this bul- 
letin deals primarily with the foot-rot phase, the other types of 
injury will be taken up only incidentally. 


GEOGRAPHIC DISTRIBUTION 


Mangin (57) in France, Palm (52) in Java, Pridham (45), 
Waterhouse (71), and Hamblin (26) in Australia, and Butler (12) 
in India have found species of Helminthosporium associated with 
diseased wheat, but in most cases the exact species involved are 
questionable or unknown. Butler (12) states that in India wheat is 
attacked by several species or forms of Helminthosporium. 
Drechsler (79) in his biblhographical treatment of the Helmintho- 
sporium diseases of certain grasses concludes on a basis of the litera- 
ture that Palm and Hamblin were working with Helminthosporiwm 
sativum. Christensen (73) states in this connection that he has seen 
Hamblin’s organism and that it is H. satévwm. Christensen says, 
further, that he also has obtained cultures of H. satiwwm from 
Canada, Mexico, and Argentina, and he concludes that the disease 
is prevalent in these countries. 

In this country severe Helminthosporium attacks on wheat were 
first reported by Beckwith (4) and Bolley (9, 70) in North Dakota. 
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Since these reports, many more have been made from other States, 
and it is evident, as stated by the writer in previous publications 
(43, 44), that the Helminthosporium foot-rot of wheat is seemingly 
widespread throughout the winter and spring wheat districts. The 
distribution of the disease is shown in Table 2 and Fi igure 3, and com- 
parisons with Table 1 and Figure 1, respectively, will show that in 
America this disease is more widespread than take-all. 


TABLE 2.—Distribution of wheat foot-rot caused by Helminthosporium sativum 
in the United States 


[The sources of information for certain items are indicated as follows: *Reports of the Office of Plant 
Disease Survey, U. S. Department of Agriculture; + correspondence of the Office of Cereal Investiga- 
tions, U. S. Department of Agriculture; tJ. J. Christensen (13); § Mrs. L. J. Stakman (66) ] 


Year State and county Collector Organism identified by— 
Colorado: 
fon he lee. aoe a eee ane oO A EH faank GP DASE) 0 Wp pe NCEE ag J. G. Leach and the writer. 
0: 
NOD: wehios ¥_ Fremont __-_-_-- County: agent !i3s2_ 2S ates The writer. 
Ulinois: 
1919-1923______ Madison _-____- The writer and several other | The writer and several other 
workers. workers. 
AOIG sire ee Miasonest) out |iatesx Oe. Fytiaks Pug Ss Pees ihe Do. 
NOUGK ee ets Sangamones. 4|o poe GO awh se Meee ee DN BU ee es Do. 
1919-1923_____- NGO AT ee ee C6 UY ae Ne Moa a al ah Yo Do. 
19202 tse TDM. oF Champaign. __|____- (6 (come SERS Ae ESS Eas ote a Do. 
Indiana: 
1919-1923______ LaPorties bono (6 Ko [eee oe PU an ES Oa Rt Do 
OIG Ree Ee IR ORUCR 2c en eeene COT eee Ty eee em anette Do 
LO1Q EY SeeWA Ek 8 Tippecanoe___}|____- OVO Rae Me ee Oe es Oe Do. 
5 da Sencar ee tse ait 5s Wa Pah TN WTS VT Is Na TRS Fale ae J.J. Christensen. 
Kansas: 
1920-1923______ Dickinson__-_-_- T.. E. Melchers and the writer__| The writer. 
NO QI Mee SA aere) S. Douglass = ST GWiTlGOr es cen ss eee eee nes Do. 
OD lark Seles. Leavenworth__| L. E. Melchers and the writer__ Do. 
1h) | Mest es ene eS Jefferson______|____- G02. 3222 . SASN eee eo Do. 
ORS ee eee Ss Riley ssa ee "TAG Witenes cee ek Ned Do 
Minnesota: 
STOI Sees eae RAMS (aM ee oe ae ey Mrs. L. J. Stakman., 
POLO fd Soe us Sherburne ssc | ees oi ae Taine Ste ee ee eee J.J. Christensen. 
LODE eet eae Sta lvouist =.= Hei) MB ar kon sci. Stee este Sane The writer. 
PIGVIRCH CHIE: CTEM OE SO st Re Rss Ts AEE Coe ERS ER oe Pe eC J.J. Christensen. 
ROD Te Ss eal EO Hennepin_---_- PD Rein i tence eee eee ee The writer. 
PEO D TA ORAM 2 WAST cats merit 9 cs |S SOC Re Sea ae ee Sere ae J.J. Christensen. 
OD Us pies: 3 KGESON = 22 el etre ober peed ee a es Do. 
51) (2/77 ane Sak a Penninetonses| Se een eee kee > eee whee ee Do. 
LOD ays ye CR Marshall 0.2/2 55 Ley Beppe ee Ge eee e Do. 
PLOQI Te es we Puree VV Tce SOUR Whe os Ue be a ee oe ee Do 
AO D2 NM tase oe ee Dakota 2.. 5.04} s 2 Sey cree ares Fey eter 2 obey yA Do 
ODO ate ee IVE CTICO GS 2. Sesee| oie tea oa Ueda seen) en RO EES Do 
LOZ OE ee Sa oe TRACE SE 2 ates Eats eiten AE ae aa RE ON a en Do 
HAGROG FFAS AN. FGI VP OEH SS. 2 Ee Ses RARER BS Pe ee Do. 
$1922) daub oes Mieekeret nce Salen Fo fehte . PMRW ey Ep ore Bek Do. 
G20 tan ere a CHU PO Wea 2 see ae set Re ge Bae ee Do 
TIG2200 — FReN ears. Polk ey VEEN NE EEE Ohare ee EEE Do 
TODD ees = iy ie aE SCOb iW Raeo Re OV SN ELAS ON hae es Alte SEE tee Do. 
ty Be) Ce AD A INebraska? sus. Sse tt PEASY See AE Do. 
Missouri: 
OLS RW este hc Nees Siu OUIss eee DWenwillebet ovee snot eee The writer. 
Ba ded Leeper ee New iMiexico. Yes "|. Sees Pe er ae eee te @iaristersen. 
Pal OD Tet pA mele a ING Waly ork s4 2s 2 GR Sean by see 2 ee be ee R.S. Kirby. 
North Dakota: 
*Every year_.-- Wheat - grow- | Numerous collectors__----------- Several workers, including the 
ing counties. writer. 
Oklahoma: 
O23 tse! 28 feral Wood ward. -s| "la. H locke: sete eee The writer. 
South Dakota: 
OZ Teste ce tea Brown. 22" ASTI. BANS age Re Si te Do. 
= 2 ne ee AC PRO RAG AR ck NISL SH PRG ait. ees Oe Oe a Se SE J.J. Christensen. 
Washington: 
OUD? res ey ATA ab bac} 0) 0 Wn ee F. D. Heald and the writer __-- The writer. 
ppse pee ig lyk cree ‘WrestiVirginiat soc. “oi b Seer eS Fee J.J. Christensen. 
Wisconsin: 
1h) =} Foe Fond du Lac__} J. G. Dickson and the writer___.| Helen Johann and the writer. 


1919-1923. __.i- Dard ae: The writer and others___._--__-- The writer. 


FOOT-ROT DISEASES OF WHEAT IN AMERICA 19 
ECONOMIC IMPORTANCE 


According to Stakman (65) this Helminthosporium foot-rot 
caused as high as 50 per cent damage in wheat fields in certain dis- 
tricts in Minnesota during 1919. She states that in the previous year 
some of the experimental wheat plats on the university farm had to 
be discarded on account of the disease. Christensen (/3) states that 
the disease was reported from practically every important wheat- 
growing county in Minnesota in 1919 and that in some localities it 
caused considerable losses. He states further that in certain cases 
fields of wheat were so badly injured that they were plowed and 
planted to corn, and that in 1921 and 1922 the disease was very 
severe and widespread in wheat, rye, and barley, 10 to 20 per cent 
losses occurring in barley and wheat fields in 1922. Christensen also 


Fic. 3.—Outline map of the United States, showing by means of dots the States in which 
the wheat foot-rot caused by Helminthosporium sativum has been found 


states that H. sativum appears to cause most of the root rotting of 
wheat, barley, and rye in Minnesota. 

Weniger (74) states that in North Dakota as high as 70 per cent 
of the wheat plants in a field may be attacked by Helminthosporium 
sp. She says that for a number of years this disease has caused 
great losses, especially in the durum wheats in the eastern part of 
North Dakota, and that the seedling blight caused by this fungus is 
as severe as that caused by /usartwm sp. Bolley (0) has indicated 
that Helminthosporium sp. is the most common parasite attacking 
the underground parts of wheat plants in North Dakota. 

Raeder (58), working in Idaho, reports a Helminthosporium on 
wheat in several! counties, and according to Haskell and Wood (27) 
Richards reports that a Helminthosporium is associated with a root- 


11 The writer has collected numerous specimens of similariy infected wheat plants from 
fields in North Dakota, and in the cases where Helminthosporium appeared it was always 
found to be H. sativum. 
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rot of wheat in Utah. In 1921 the writer made plating studies of 
a considerable quantity of diseased wheat material from Fremont 
County, Idaho. Helminthosporium, sativum was obtained in most 
cases. The symptoms manifested by these diseased wheat plants 
answered the description given by Raeder (58), and they were indis- 
tinguishable from the symptoms produced by H. sat¢vum. in the cen- 
tral wheat regions. 

During the past five seasons the writer has made many field 
observations in different parts of the winter-wheat regions and has 
made many culture platings from the diseased wheat plants collected 
by him and by others. In many cases Helminthosporium sativum 
has been found associated with other parasites, and it has been diffi- 
cult and often impossible to determine just how much of the crop 
damage could be attributed to A. sativum. This is especially the 
case In certain parts of Kansas where Ophiobolus graminis, Wojno- 
wicia graminis, H. sativum, and several species of Fusarium occur 
together and in parts of Wisconsin where H. sativum is associated 
with Gibberella saubinetu. Ona basis of the literature and from the 
writer’s observations it appears that ZH. sativum does not cause such 
heavy losses in the winter-wheat belt as it seems to cause in the 
spring-wheat belt. Severe seedling infection or seedling blight of 
winter wheat, amounting to economic importance, has. never been 
noted by the ‘writer. Severe infection of the outer leaf sheaths of 
seedlings frequently occurs, especially in early-sown fall wheat 
(44, 45), but it appears that this infection seldom injures the plant 
asa whole. Root lesions have never been found abundantly on fail- 
wheat plants, and such lesions have never been noted to occur exten- 
sively during the spring and summer growing periods. 


DESCRIPTION OF THE DISEASE 


FIELD APPEARANCE 


The field spotting which several workers (13, 26, 65) report as 
caused by Helminthosporium sativum does not seem ‘to be produced 
in all localities where the parasite occurs. This spotting seems to 
be prevalent in the spring- -wheat region, but we writer has never 
noted in winter wheat a field spotting ; which wa certainly caused by 
H. satiwwum. A spotting in wheat, fields has bead reported to the 
writer several times from the vicinity of Woodward, Okla., and 
while H. sativum has been found on many of the chicsaced plants 
sent to him, other fungi have been found, and these may play a 
part in causing field spots. On the other hand, it seems ‘probable 
that ZH. sativum will produce more severe injury to winter wheat 
when grown in the more southern regions, which have rather long 
and relatively warm tall periods. Consequently, it would not be 
surprising to find this parasite causing a definite field spotting in 
such localities. 

The rosette disease (44) occurring in certain varieties of winter 
wheat in Illinois and Indiana causes a field spotting, and in some 
cases Helminthosporium sativum is associated with this disease; but, 
as pointed out later, carefully conducted experiments have shown 
that wheat rosette is not caused by ZH. sativum (49). 


FOOT-ROT DISEASES OF WHEAT IN AMERICA o1 
DISEASE SYMPTOMS 


Although wheat seedlings are frequently killed by Helmintho- 
sporium satiwum, this condition has not been observed to any extent 
in the winter-wheat regions. Under conditions favorable for the 
fungus it causes a rotting of the roots. In less severe cases dark- 
brown lesions develop on the roots at points of infection, causing 
but little apparent injury to the plant. ‘The coleoptile, basal leaf 
sheath, and stem may show various degrees of infection from small 
elongated lesions to a complete rotting. In severe cases of root or 
stem rot the seedling leaves show a dark-green coloration or some- 
times a chlorosis, and later the whole seedling usually dies. In the 
case of older plants the type of root and culm injury is much the 
same as that occurring on seedlings, except that there seems to be 
less tendency for a complete rotting of the stem. 

The fungus attacks the leaf blades, sheaths, upper culm, and head. 
The kernels also become infected and develop a dark-brown to 
black tip at the germ end. This condition has been called black- 
point by Bolley (20), Evans (20), Weniger (74), and Henry (30). 
So far as known no part of the wheat plant is immune to infection 
from this parasite at any period during its development. Stem and 
foliage lesions tend to be elliptical in outline. Usually these con- 
sist of a dark-brown margin with a lighter brown center, as illus- 
trated previously (45). On leaves these centers frequently drop 
out, and in some cases lesions may involve the entire width of the 
leaf. This fungus also produces a spot blotch on the leaves of 
barley plants, but on this host the spots tend to be uniformly dark 
brown or almost black in color. They do not incline to the light 
centers which characterize the leaf spots produced on wheat leaves. 

On the roots and stems of wheat seedlings Helminthosporium 
sativum causes the tissues to develop a hght to chocolate brown 
coloration. This color is usually darker than that produced by 
Gibberella saubinetu, and there is no suggestion of pink or red, 
such as that which is frequently associated with the attacks by the 
last-mentioned parasite. In some cases, however, the light-brown 
coloration and rotting produced by these two parasites are so similar 
that they can not be distinguished by ordinary means of superficial 
examination. 

Occasionally observations have shown that Helminthosporium 
satwwum produces a black coloration on the roots and bases of stems 
which may be readily confused with the blackening produced by the 
mycelial plate of Ophiobolus graminis unless the specimens are 
examined very carefully. Microscopic observations on such plants 
show that this blackening may be produced in at least two ways. 
The dark brown to black conidia may develop in a crust on the 
infected parts or the host cells of the infected tissues may contain 
very dark brown to black amorphous masses seemingly of a reac- 
tionary nature. In some cases the cortical cells of the roots thus 
affected slough away and become loosely attached to the roots, thus 
producing an effect resembling a mycelial plate when examined 
macroscopically. 

The blackening caused by nftsses of conidia has been noted a very 
few times under field conditions, but it has never been obtained on 
greenhouse-grown plants. The second type of blackening has been 
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cbtained in experimental material and then only occasionally when 
large amounts of inoculum were used. The writer has not observed 
this type of blackening in nature, though there seems to be no reason 
why it would not occur if the proper conditions were obtained. He 
has never found Helminthosporium sativum producing a mycelial 
crust or plate in any way similar to that produced by O phiobolus 
graminis. Weniger (74) reports that a black coloration is sometimes 
associated with Helminthosporium foot-rot in spring wheat in North 
Dakota, but she does not state the exact nature of this coloration. 

Christensen (73) states that spring wheats and barley may show 
excessive tillering and_become stunted when infected by Helmin- 
thosporium sativum. In this regard there seems to be a similarity 
to the rosette disease (44) SESE in certain varieties of winter 
wheat. Although the writer (44) has mentioned that certain spring 
wheats and barleys infected by this parasite develop symptoms simi- 
lar to rosette, he has never noted that these crops develop the same 
degree of tillering or certain of the other symptoms which occur in 
winter wheats affected by rosette. Data have been published (44) 
which indicate that H. satevwm will increase tillering in Harvest 
Queen (winter) wheat, but this condition was not associated with 
any abnormal appearance of the aboveground portions of the plants. 

Stevens (66, 6 j7) has stated that the rosette disease (called foot-rot 
by him) occurring in winter wheat is caused by Helminthosporium 
sativum, but it has been pointed out several times by the writer (43, 
44, 43) that this causal relationship has not been demonstrated. 
Evidence (49) now in hand indicates that H. sativum is not the 

rimary causal agent for the rosette disease. 

Several field inoculation experiments carried out by R. W. Webb 
and the writer with pure cultures of Helminthosporium sativum have 
failed to produce symptoms of the rosette disease in Harvest Queen 
wheat, a variety which 1s highly susceptible to rosette. In these 
experiments a culture of H. sativum was used kindly supplied by 
F. L. Stevens. This culture was isolated by him from a wheat plant 
affected by the rosette disease and the Helminthosporium foot-rot. 
Other cultures of H. sativum isolated by Webb and the writer also 
were used in these inoculations. In addition, field soil of long- 
standing infestation with H. satevum was kindly supplied to the 
writer by J. J. Christensen, of the Minnesota Agricultural Experi- 
ment Station, and this soil. also failed to produce any suggestion of 
the rosette disease on Harvest Queen wheat. Experiments carried 
on at the same time and under the same conditions with soil naturally 
infested with the rosette causal agent invariably developed a high 
percentage of rosette.” 

CAUSE OF THE DISEASE 


As pointed out recently by Drechsler (79) and by the writer (45), 
Johnson (35) appears to be the first to show that Helminthosporium 
sativum is pathogenic on wheat plants. Several other workers (13, 
43, 44,65, 66) also have carried out inoculation tests with this organ- 
ism and concluded that it is pathogenic on wheat. In the present 


12 Experimental evidence received after this buftetin was prepared for the printer indi- 
cates that the rosette disease is a severe expression of a transmissible mosaic, the virus 
of which persists in certain types of soil for several years. See McKinney, H. H., A 
ies aic disease of winter wheat and winter rye. U.S. Dept. Agr. Bul. 1361, 10 pp., illus., 
1925 
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study the writer found that single-spore strains of H. sativum isolated 
from diseased barley and wheat plants readily reinfected these hosts 
when cross inoculations were made. Both strains produced the 
characteristic symptoms on the leaves and subterranean parts of 
both hosts, and when these strains were reisolated they produced 
the same symptoms on the reinoculated hosts. This procedure has 
been carried out repeatedly in sterilized and unsterilized soil to 
which no artificial medium of any kind was added, and there can be 
no doubt that the organism in question is parasitic on wheat and 
barley and that at least certain of the strains of the fungus attack 
one host as readily as the other. 

There can be little question that the organism studied by the 
writer is the same species described by Pammel, King, and* Bakke 
(53), occurring on barley leaves. Although several investigators 
(73, 19, 45, 67) have pointed out that this fungus manifests con- 
siderable variation in morphology, especially in regard to the 
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Fie. 4.—Conidia of Helminthosporium sativum. P., K., and B.: A, Grown on potato- 
glucose agar; B, produced on a wheat plant. Type B has also been found on frag- 


ments of straw "in the soil. This type conforms to the original description for H. 
sativum 


conidia (fig. 4, 4 and B) when grown on artificial media, the writer 
has found that conidia produced on leaf lesions of growing barley 
and wheat plants are more nearly like those of H elminthosporium 
sativum than of any other described species of Helminthosporium. 


HOST RANGE OF HELMINTHOSPORIUM SATIVUM 


From the work of Stakman (65) and Christensen (13) it is evi- 
dent that this parasite may attack many varieties of wheat, barley, 
rye, and a good many species of wild grasses. Out of the 113 species 
and varieties of wild grasses inoculated by Christensen, only 30 
gave negative results. None of the three species of Agrostis or the 
seven species of Poa inoculated was found susceptible to infection. 

The writer has not attempted studies dealing with host range, 
although several varieties of winter and spring wheats have been 
tested. The results, given in Table 3, were obtained in the green- 
house with sterilized soil which was inoculated just before sowing 
the wheat seed. Inoculation was accomplished by adding straw 
cultures of the organism to the soil, which was then thoroughly 
mixed to obtain uniformity. Three weeks after sowing, all seedlings 
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and unsprouted seeds were removed from the soil and data taken 
on infection. There was no indication that any seedlings had been 
killed by the fungus, and no blighting had taken place on any of 
the plants. In all cases seed germination was about 95 per cent. 


TABLE 3.—Infection in certain varieties of wheat seedlings grown in soil 
inoculated with a pure culiure of Helminthosporium sativum 


[Data based on the degree of injury to the underground portion of the stem and on the number of plants 


infected] 
= Percent- = Percent- 
Pee Number = 1s Number 
Variety age of Variety age of 
: ian J ABH ara AL Sin Bd 
Wrarcuise © = .2 2 sees eee Le 146 90.1. || Harvest Queen) yf) 22 188 59.0 
Dawson Golden Chaff_-_--___- 109 it. 0 NRedMiny 22 eae eee 173 55.0 
Turkey (Wis. Ped. No. 2)_---- 181 67.2 4) Wind (Chief... ae SEE 147 52.5 


ReduWavGn tee eee eee 156 66. 4 | 


The writer has sown a few varieties of spring wheat and barley 
near Granite City, Ill., on soil naturally infested with Helmintho- 
sporium sativum, and portions of the data on these varieties have 
already been published (44). In general, Marquis wheat seems to 
be more susceptible to infection by H. sativwm than any of the 
winter varieties tested. This is shown in Table 3 and in data pre- 
viously published (45). These last-mentioned data also indicate 
that Hanna barley is more susceptible to infection than Harvest 
Queen wheat but less so than Marquis. Field experiments also have 
indicated that spring wheats and barleys develop more severe in- 
fections than winter wheats. However, part of the differences in 
susceptibility noted in the field can undoubtedly be accounted for on 
the basis of temperature and soil-moisture differences during the 
winter and spring growth periods. 


LIFE HISTORY OF HELMINTHOSPORIUM SATIVUM 


No perfect fruiting stage has been discovered in connection with 
Helminthosporium sativum. The organism produces conidia pro- 
fusely on the host and on most culture media. It thrives as a 
saprophyte on straw and old stubble and sporulates abundantly on 
these materials. Owing to the profuse development of conidia it is 
very difficult to determine whether the mycelium survives the winter. 
Numerous soil-inoculation experiments in the fall at Madison, Wis., 
showed that the organism survives the winter in the soil and will 
produce infection on wheat plants in the spring. 

The fungus lives for long periods under laboratory conditions. 
The writer has carefully plated infected barley seed over 2 years 
old and found the mycelium still alive in a high percentage of the 
seed. Germination tests of conidia from barley leaves which had 
been stored in a herbarium at Madison, Wis., for nearly three 
years also have been made by him, and it has been found that a low 
percentage of the spores germinated on agar plates. 

The writer has reported previously (45) that the conidia of 
Helminthosporium sativum remain in a dormant state when placed 
in a large quantity of water. It has been found that the conidia 
will germinate freely when removed from the water and put on agar 
plates or in small quantities of water, such as a hanging drop. The 
writer has had tap-water and distilled-water suspensions of this 
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organism in the laboratory for eight months, during which time 
practically no germination took place. During this period a high 
percentage of the spores germinated when removed from the water 
-and placed on agar, and not until the end of the eighth month did 
a marked decrease in viability become apparent. 

According to Stevens (67) Helminthosporium. sativum tends to 
produce new races (“saltations”) when grown on artificial media. 
He states that the variant or saltating portions of the colonies fre- 
quently show morphological characters which differ widely from 
the original colony. He says, further, that these variants retain their 
characters and sometimes resaltate when transferred. Christensen 
(13) states that he has found at least four physiological forms of 
I. sativum. These forms are based on cuitural and morphological 
differences primarily, and although he says that the four strains 
showed some differences in pathogenicity when applied to a sus- 
ceptible host, his evidence does not seem to warrant a definite state- 
ment concerning genetic differences in virulence between the strains 
he studied. In connection with Christensen’s work it would be of in- 
terest to know whether he found “saltation” in his cultures of H. 
sativum. His Plate 5 gives a suggestion of differentiating sectors 
in the colonies of his physiologic Forms I and III, similar to the 
sectors shown by Stevens (67), but there seem to be no recorded 
observations in Christensen’s paper concerning the occurrence of 
“saltation ” among the strains he studied. 


CONDITIONS INFLUENCING THE ARR Maumee OF HELMINTHOSPORIUM 


Data have been published previously (45) on the influence of soil 
temperature and moisture on the development of seedling infection 
and early stages of foot-rot. In general, these results show that 
fairly high soil temperatures (28° to 32° C.) and high soil moistures 
(55 to 65 per cent moisture-holding capacity) favor infection. 
These studies indicated that the optimum temperature for infection 
of seedlings and young plants of Marquis wheat and Hanna barley 
is near 28°, whereas for Harvest Queen wheat the optimum is near 
32° C. The general summary of the results obtained in the soil- 
temperature studies is represented by the curve in Figure 2. The 
results of a combined soil-temperature and moisture experiment in- 
dicate that the temperature optimum is fairly stable when soil 
moisture is varied. However, when soil temperature was varied the 
moisture optimum seemed to vary. At high soil temperatures high 
soil moistures seemed most favorable for infection, whereas at low 
soil temperatures infection seemed to increase at lower soil moistures. 
Extremely low soil moistures were unfavorable for infection at all 
temperatures, and at extremely high and low temperatures the 
moisture curves for infection were very irregular. While this com- 
bined experiment was preliminary in nature, the results obtained 
were consistent both within themselves and with the data obtained 
in the independent temperature and moisture experiments. A pre- 
liminary experiment in which alternating soil temperatures were 
employed gave essentially the same amount of infection as an ex- 
periment conducted at the same time but in which a constant tem- 
perature equivalent to the mean of the fluctuating temperatures was 
used, 
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TaBLE 4.—Influence of temperature on the growth of Helminthosporium 
sativum isolated from barley and from wheat 


[Growth determined by diameter of colonies] 


| Temperature (° C.) Diameter of colonies (mm.) 
| | 
Series ; Fungus from barley} Fungus from wheat 
| 
Range Mean 
A B A B 
Bi LE) OnE. © 
| 6-8 7.4 0 Oyo 2 Re ee eee 
| 10-13 a es, 5 315 bie Cae cad Coe) ho ae RT 
15-17 15. 9 15 1S R52 he ts ee es 
No. 1, 6 days’ duration_-0 023 20-23 Pi a OAS| 2th SENS Sree eee SES Sy 
24-26 25. 1 7 (7 ee cree Se 3) SS 
30-33 31.7 26 D0 (ie A ig (cee ee 
[ 34-36 35. 0 7 HET. Sey ee SE Se 
37-40 38. 7 0 Oyl2Si 2 et See elo ee 
7-9 8.0 8 8 ry) AE RE Ee 
8-13 10. 5 35 34 40 35 
16-19 IVES 70 75 75 75 
INo22s.9 daysduration= =<) =e 18-22 20. 0 87 90 O04 a= at ee 
é 24-25 24.5 90 90 iB] ee eee se 
28-33 S{Veiotgl |e ene Sees 60 28 22 
35-36. 5 35. 7 0 0 0 0 
38. 5-39 38. 7 0 ) 0 0 
7. 5-10 9.2 10 11 12 15 
12-13. 5 12.7 29 38 30 37 
15-17. 5 16. 2 49 dl 41 35 
ING, 3:16 Gays’ Curation =. = 2_— 42252-2332 20-21 20. 5 68 56 AOA ota E Dy 
25-26. 5 Pasay 67 59 85 79 
29-31 30. 0 54 53 SO ithe 
34-37 35. 5 Dilwale 23 A 0 2 


Experiments (45) dealing with the influence of different dates of 
sowing in the field show that early fall seeding favors infection. 
Although field experimental evidence is lacking in regard to the in- 
fluence of seeding on infection in spring wheats, from the evidence 
on fall seeding it would seem that late spring sowing would tend to 
increase infection. However, further study is required before this 
conclusion can be drawn definitely. On a basis of temperature 
studies with the parasite, Christensen (73) concluded that early 
spring sowing would be unfavorable for seedling infection. How- 
ever, it should be pointed out that the optimum temperature for the 
growth of a parasite is not necessarily an index to the favorable 
temperature for disease development, as shown in previous work 
with several parasites and diseases. 

As pointed out earlier (43, 45), the optimum temperature for 
growth of the organisms used in the writer’s infection studies is 
near 24° ©. Although the fungus sporulates more abundantly 
at the optimum temperature for growth, sporulation is not seriously 
hindered even at the very high temperatures or at the very low tem- 
peratures. In all cases the organism was grown in the dark in Petri 
dishes of uniform size containing 20 cubic centimeters of potato-glu- 
cose agar made up to a reaction of +10 Fuller’s scale. The mycelium 
from young single-spore cultures was transferred with blocks of 
agar about 3 millimeters square to the center of each of the Petri 
dishes, and the dishes were placed in chambers which, in turn, were 
placed in water-bath incubators held as near the desired temperature 
as possible. The data obtained from these experiments are given 
in Table 4. 
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Stevens (67) reports one experiment dealing with the influence 
of temperature on the growth of Helminthosporium sativum which 
indicated that the optimum temperature is near 25°C. Paxton (54) 
reports that the optimum temperature for growth is near 30° C., 
but does not state the number of experiments on which this conclusion 
is based. 

The variations between the results obtained with presumably the 
same species of fungus might be explained on a basis of some strain 
differences. However, as the writer has obtained variations in the 
optima of different experiments he feels that experimental error 
may be the most logical explanation for the variations reported. 


CONTROL OF HELMINTHOSPORIUM FOOT-ROT 


While exact control measures have not been worked out for this 
disease, there are certain general recommendations which may be 
made. Since the spores of the fungus are carried on the seed, the 
ordinary methods of surface disinfection will control infection from 
this source. This method, however, is not likely to bring satisfac- 
tory results in most cases, because much primary infection of seed- 
lings originates from mycelium borne internally in the seed and also 
from the fungus which persists in the soil. 

Practically no work has been done to determine the best method 
for killing the mycelium of Helminthosporium sativum in wheat 
seeds. Atanasoff and Johnson (3) found that subjecting barley seed 
infected by this fungus to a dry-heat treatment (95° to 100° C.) 
for 30 hours practically controlled primary seedling infection when 
the treated seed was sown in uninfested soil. Their experiments 
were extended to wheat seed to determine the effect of these high 
temperatures on germination, and they found that good viable seed 
withstood the treatment surprisingly well. Certain of the newer 
organic mercury compounds which have been used (59, 69) to treat 
cereal seed seem to control or reduce the injury produced by certain 
parasites occurring in the seed, but in no case have these treatments 
been used to determine their control value for the disease caused by 
H. sativum. In general, seed treatments will tend to reduce the ex- 
tent of primary infection, but they will not control infection when 
the parasite occurs in the soil. Since the latter condition generally 
exists when the disease is prevalent, effective control measures must 
include the consideration of the soil phase. As in the case of seed- 
treatment methods, however, very little has been done to combat the 
disease from the standpoint of soil infestation. 

The application of general sanitary measures should control the 
disease to some extent, but just what success may be expected in this 
direction can not be predicted at this time. As pointed out earlier 
in this bulletin, the fungus apparently persists for a considerable 
period in the soil, even though the land may le in summer fallow. 
Just what influence different cropping systems may have on the 
disease can not be stated until further work has been done along 
this line. Preliminary experiments indicate that the growth of 
the fungus used by the writer is favored by a neutral to slightly 
acid medium, but no information is at hand concerning the influence 
of soil reaction on the development of the disease. The influence of 
various fertilizers on the development of the disease is likewise 
undetermined, ? 
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Hayes and Stakman (28) have carried out breeding experiments 
with several varieties of barley and have obtained several strains 
which show resistance to the infection by Helminthosporium sativum. 
Since their studies were confined to foliage infection, it is of interest 
to know whether resistance to this type of infection is correlated 
directly with resistance to root and culm infection. So far as known, 
no genetic studies have been reported in connection with the resist- 
ance of wheat to infection by this parasite. 

General control measures may be summarized as follows: 

(1) The use of seed from badly infected fields should be avoided. 

(2) The use of seed Showing much black-point should be avoided. 

(8) The ordinary seed treatments as used for the smuts will kill surface- 
borne spores. 

(4) Late sowing of winter wheat tends to reduce infection. 

(5) Continuous cropping with wheat, rye, and barley should be avoided. 
The indications are that corn, oats, and nongrass crops are safe to include in 


rotations. 
(6) Poorly drained land should be avoided. 


AN UNIDENTIFIED FOOT ROT Eee IN THE PACIFIC COAST- 


During the past five years a foot-rot has appeared in a number 
of wheat fields near Spokane, Wash., and a similar disease has been 
found in the vicinities of La Grande, Oreg., and Red Bluff, Calif. 
After these outbreaks were called to the writer’s attention by pathol- 
ogists and others in the States mentioned, several field observations 
were made and limited experimental studies carried on. However, 
owing to the pressure of other problems it has not been possible to 
develop these investigations to a point which might be desired. 
Preliminary results of some of the cooperative experiments con- 
ducted in Washington have been published (29). 

Although the foot-rot occurring in the three locations just men- 
tioned appears to be distinct from take-all and other foot-rots of 
unknown cause appearing in America, it is possible that it is an 
unusual manifestation of some of these maladies. In some of the 
fields observed plants have been found which show the same symp- 
toms as those produced by Ophiobolus graminis, and it would not be 
surprising if this fungus should later be found to cause at least part 
of the trouble in question. On the other hand, there are indications 
that other fungi may be capable of producing symptoms very similar 
to those produced by O. graminzs, and until studies on other para- 
sites have been completed too great stress should not be placed on 
macroscopic disease characters. 


DESCRIPTION OF THE DISEASE 
FIELD APPEARANCE 


This foot-rot frequently gives the same general field appearance 
as take-all, but when the attack takes place late in the growing sea- 
son the nearly mature plants show a greater tendency to break over 
at the base, causing large areas of wheat to lodge completely, as 
shown in Plate V, A and B. 


DISEASE SYMPTOMS 


° . ° . ° ° : . . t 
Owing to rather limited studies, it is not possible at this time to 
describe the appearance of seedlings and young plants affected by 
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this disease. During the preheading and later stages of develop- 
ment the diseased plants usually show various degrees of root and 
culm rotting. Upon endeavoring to pull diseased plants from the 
soil they often break away from the crown or the roots, and the 
bases of the culms and the roots show a brown to black coloration 
resembling a charred condition produced by fire. A mycelial plate 
somewhat similar to that produced by Ophiobolus graminis has 
been found associated with this disease rather frequently, but in 
many cases this plate tends to be brown rather than black in color, 
and it seems to be somewhat less extensive on the plant than is the 
case with the plate produced by O. graminis. Another difference 
which seems apparent between take-all and this foot-rot is that the 
basal discoloration and rotting seem to extend farther up the stems 
of plants affected by the foot-rot in question. This foot-rot seems 
to cause a collapsing of the cells at the base of the culm. These 
tissues contract (Pl. V, C), become brittle, and the stems break over, 
causing general lodging of the affected plants in infested areas. 
This condition has been recorded by Delacroix (17), and the writer 
has also noted it in connection with take-all, in which case it seems 
to be exceptional rather than typical. The writer has never noted 
this condition associated with the Helminthosporium foot-rot. 

In general, the brown coloration associated with this foot-rot tends 
more toward black; it seems to be more diffused and to penetrate the 
tissues at the base of the culm more completely than the browning 
caused by Helminthosporium sativum. Brown-colored elliptical 
lesions with light-colored centers are frequently found on the dis- 
eased plants, but these lesions are larger than those produced by H. 
sativum, and upon plating such lesions H. safiévwm never has been 
obtained. However, a uniform type of sterile fungus has been ob- 
tained very regularly by Hurley Fellows, who is associated with the 
writer in these studies. 


CAUSE OF THE DISEASE 


The cause of this foot-rot has not been determined. It has been 
suggested that frost and general winter injury are the prime causes, 
but the evidence in hand indicates that these factors may act only as 
contributing factors rather than as direct causes of the disease. Sev- 
eral fungi have been found associated with the trouble, but their 
exact relation to the disease is not known. In 1919 a small number 
of mature perithecia of Leptosphaeria herpotrichoides De Not. were 
found ** on diseased wheat plants collected by the writer near Spo- 
kane, Wash. In 1921 he (47) found Wojnowicia graminis (Mc- 
Alp.) Sace. and D. Sacc. (Pl. VI, A and #) associated with the dis- 
ease as it occurs near La Grande, Oreg. This organism has been 
found in that region each year since the first observation was made. 
In 1923 H. Fellows found this organism associated with diseased 
plants near Spokane, Wash. Several sterile fungi have been isolated 
from the tissues of diseased plants, but there seem to be two prevail- 
ing forms in the Spokane and La Grande districts, one of which pre- 
dominates and resembles the mycelial growth of W. graminis, the 
* former resembling that of L. herpotrichoides. 


% This fungus was identified by Mrs, Edith Seymour Jones and the writer, 
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In Europe Leptoesphaeria herpotrichoides is considered an impor- 
tant wheat parasite, and certain workers (50) have considered this 
organism to be the chief cause of foot-rot as it occurs on the Conti- 
nent. Mangin (50) and Delacroix (77) carried out inoculation ex- 
periments with the ascospores of this organism, and their results 
indicate that the fungus is parasitic on wheat. In fact, Foéx and 
several others seem convinced that the organism is an im- 
portant wheat parasite. According to Mangin (50) and Foéx (22) 
L. herpotrichoides causes a characteristic breaking over of the af- 
fected plants, and from the work of Foéx it seems that this fungus 
tends to extend its attacks somewhat higher above the soil line than 
is commonly done by Ophiobolus graminis. Doctor Foéx has told 
the writer that L. herpotrichoides causes rather large black to brown 
colored elliptical lesions on the lower part of the culms. These 
seem to be similar to those associated with the western foot-rot under 
discussion. | 

The writer has carried out inoculation experiments with Woj- 
nowicia graminis, and the organism has been found to be slightly 
pathogenic on wheat seedlings. However, further studies are neces- 
sary before it will be known just how aggressive this parasite may 
be under various environmental conditions and what role it may 
play in connection with the foot-rot under discussion and with other 
foot-rots with which it has been found associated. As pointed out 
previously (47), this organism has been found associated with Ophi- 
obolus graminis in Arkansas and Kansas. It has also been found 
associated with Helminthosporium sativum and several species of 
Fusarium in Kansas. Kirby (39) has recently reported its presence 
on diseased wheat in five counties in New York State. McAlpine 
(41) first found this organism on wheat in Australia. He noted 
that it was frequently associated with O. graminis, and he was 
strongly inclined to look upon it as the pycnidial form of O. gram- 
inis. However, as stated in a previous publication (47), cultures of 
these forms appear entirely different in growth and mycelial char- 
acteristics and in the pigmentation of the media. Such differences 
make it doubtful whether there is a genetic connection between these 
two forms. 

Dana (14) has reported a foot-rot occurring in several counties in 
Washington. (Table 5.) From his description it would seem that 
the trouble is similar to take-all, and in certain particulars it resem- 
bles that on wheat in Spokane County, Wash. He reports finding 
a Rhizoctonia associated with some of the diseased plants he 
collected. 


OTHER FOOT-ROTS 


Reports are frequently received from various parts of the country 
stating that a foot-rot is damaging the wheat crop. In many in- 
stances complete data are not given, and it is impracticable to follow 
up all such cases with a field inspection. When possible, diseased 
plants are requested and plate-culture studies are made to determine 
the organisms which may be associated with the diseases. Table 5 
shows the distribution of the undetermined foot-rots in so far as ° 
information is available, 


PLATE V 
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WHEAT AFFECTED WITH A FOOT-ROT 


A and 4, Winter wheat near La Grande, Oreg., in 1923 affected by a foot-rot of undetermined cause (photographed by Hurley 
Fellows); C, similar or identical foot-rot on wheat plants from Spokane, Wash., in 1922. Left plant healthy, others diseased 
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WOJNOWICIA GRAMINIS ON WHEAT 


A, Pyenidium from under the basal sheath of a winter-wheat plant showing symptoms 
resembling those of take-all, showing fragment of old leaf sheath on neck of pyenidium, 
X 135; L, pycnospores, K 525 
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TABLE 5.—Distribution of miscellaneous wheat foot-rots in the United States 


_ [The sources of information for certain items are indicated as follows: *Reports of the Office of Plant- 
Disease Survey, United States Department of Agriculture; A. W. Henry (380); t=McKinney and 
Melchers (48); § McKinney and Johnson (47); || B. F. Dana (14)] 


Organism identified 


Year State and county | Organism associated Collector by— 
CALIFORNIA 
1920-21_______ MNehamag sss 2s_._) Unknowns... =: County agent and the 
: writer. 
IDAHO 
SIGQ0 je =e oneness 25s Ee aes (0 (9 ae ig Be ok ee GC Wis Hungerford ___- 
PL ODO ss a ee atahes 2 eee ee ae C6 operate as BEE eee NEY ERT y | yes RS SE 
$2) 17 | hes Bae INGZeBenCes sn (nee GON eet see oo Poe ac ee ORAS Ee 
SOLO See Jetlersoneo == es |e OnE ehe So. ea Ree ee 60) S eeet a ee 
Pil G20 ae Minidoka 23222 | Saas BOL acs 5 aie COE See ee GOS esa MEE 
iL G22 see iremont 2 4-- Sclerotium rhizodes_| Unknown_---____--__- Office of Pathological 
Collections, U.S. De- 
partment of Agricul- 
ture. 
KANSAS 
SOD eae es nllist cas eas Wnknowness: 59-225 L. E. Melchers_______- 
LG2IG Seo Saliness oe = Ler wien Se ORS ees Se SES (Bs ee ee ee 
5192051922822 SiVieiPhersones eee aan COM Sao rena rs 28 (6 (Oi aie a eS eee 
S1LOQ2 EL ee a2 RI CeL esas see eee a eae COR Sn aA ola) c= Sant el es SE ES 
PLODDE Sues Bee IVa yin Sees ee eee (Gas Si |S DOR Bs ee 2 GOts se see 
219200. sso Cherokee S42 | Bees (3 Lo eee mie ee ek ne [Riera GO Saree ee 
O20 ee eae WaAbeuless ee Seley ae Cho eeeeae sO aa eae reer GORE Se eee. = 
=19 705s a Montgomery-_-----|----- CO ese eA NEE ae Rieko eee 
“iets aS Sedewick == 22. -|228 lO ree te Boe EOS 2s bas ie, Rt 
§1921-1923____| Dickinson_________ W ojnowicia graminis| A. g' ey ohnson, L. E. | A. G. Johnson and the 
4 | Melchers, and the writer. 
writer. 
ght ees See ble ye Shs SRE ste et Goss Ma ree Pee L. E. Melchers and | The writer. 
the writer. 
AS hee cate oe Cheyenne_-_-__--_-- ink Owns see L. E. Melchers____-_-- 
KENTUCKY 
mri OE by Seat. pagans Woganw se et ete Helminthosporium | W. D. Valleau___-_-___- W. D. Valleau. 
sp. 
STOP te ty pie @hristian 3 stetelasSes O28. ee fet) Cote ee eres Do 
MICHIGAN 
#19198 S72 oat = Vane binene === 22 Unknown 222220222 GH Coons = 2222 
MINNESOTA 
S1GQD! = Ses 1h COUTIPIESS= #2 sos * 6 Ce ee a ee Several collectors_____- 
NEW YORK 
TIGhE 3532 aot Pb iged yes? ot tt (oad FO ee eters: @hupp= == 
HN QI3 takes oe Five counties___-_-_ Wojnowicia grami- | R. 8. Kirby__--------- R. S. Kirby. 
nis. 
OKLAHOMA 
71990 =2 Oy ee Garfield and oth- | Unknown_-_-_-_-___---- Copy tearn 
ers. 
S1QOTss tage 5 3 IBeGaver see sees 2 | Si desi: BLES Robert Stratton_____-_- 
1929.2 Several counties_-__|----- done eee does. sks a8 2 
Jk) AS ea eere Woodward_----_-- Helminthosporium | L. F. Locke__--------- The writer. 
sativum. 
ADS ae Sa Poem dOSeeee ee 2 Helminthosporium |____- GOs ae eee) Sone Do. 
tetramera n. sp. 
OREGON 
“Ch ee eee AUT Shy eye Unknown HS aacksone— — 2 =e 
1951-1999" o) Union... Wojnowicia grami- | Several collectors__---- H. Fellows and the 
nis and several writer. 
sterile fungi. 
IGE tet Jackson 2235205, Unknown. 2222522 4 clo} Mbe le Pas eure a oe 
PLONE _ geese = Benton os! +2 3-|2- dose er eats a G (Se Sa Se ee 
1) I Bale WaSHINe bone |e ee ge ee de a See domes toa eee 
PIGQTE? ¢- Fs aA PWanailicks Serres | er er dorset Secs He ut ae, Oe Oe Re eee 
SOD 5 che VSG Oar ne tee oe a Probabiy Ophiobo-| | Hz P! Barss |=" 722 >"**! 
lus graminis. 
TENNESSEE 
AO oe a WiniCole te tek Unikavownees ee C. D. Sherbakoff_____- 
PIQD92=. 2 s peal Grete) a eae ee | eee oe (alo) Sareea 2 eS | eee Lek (ee eee eee 
E1990) eS a ee Wocker = 2.2.22 CQ eee er Cae we See GOs se ee 
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_Tasre 5.—Distribution of miscellaneous wheat foot-rots in the United States— 


Continued 
Year State and county | Organism associated Collector Or eater deunee 
UTAH 
Ve oe ae 8 IMoOrganses= 2) Helminthosporium| B. L. Richards________ B. L. Richards. 
sp. 
SI OPD es eh os do: be. Saees Rhizoctonia sp______ eee (0 (0 ree ea Do. 
VIRGINIA 
510] Ques ere Page: 2026 eerts Winkn owen een DB rominesssse=s 
SO 1 Oma. < Rockingham ______|____- OS ASR Canes eee | ees ORS ee eae ae 
WASHINGTON 

1918-19._____|. "Thurston. =--29452 3 | ble Owe oes eee, County agent_________ 

LOTR ee SF Cowlitz a eee GORSES. 2 2 See ea |e COMER ee os Lo as 

1OTR¢- 2 een Snohomish sae==" | meas Gonna ee ee COLE en a 

1919-1923____| Spokane__________ Leptosphaeria her- | F. D. Heald and the | Mrs. E. S. Jones and 

potrichoides. writer. the writer. 
1093 Ree en lessee (6 Voce pa eS eee Wojnowicia grami- | H. Fellows___--.------ H. Fellows and the 
| nis. writer. 
SLOG wee | Wihatcomi=ss=22==s Umknowne see HD ea Eleald Bai 
Dana, and G. L 
} Zundell 

LOO oa Tse | Pilercesss ss22225 2% [sae (oe hea ene Pn Ota pias 22 ae oe ee 
SOLO Rearing Grays arbore-=—s ese GOs are Aes | RES Oe Ss 
PLO1UQRe>= es Se De wish ee en ne ee GO EG Bee el (i Vo yaaeaeeee > eee ET Ses ls 
“AGT ee ere Clarke: ss 2 ees Re GOL. es ey Pan | es COM Se eis Ronee 
SLOLQE Sauer ese Klickitatse.= 22 os=| Sees 0 Seine aaa Bowes GOL ee ae See 


For the past four years a severe foot-rot has occurred in the 
winter-wheat fields of Oklahoma. The writer has received many 
specimens of diseased plants from Robert Stratton, of the Oklahoma 
Agricultural Experiment Station, and from L. F. Locke, of the 
Woodward (Okla.) Field Station of the Office of Dry-Land Agri- 
culture Investigations, Bureau of Plant Industry, U. S. Department 
of Agriculture. In many cases plants have shown the symptoms of 
take-all, including a white-head condition, but thus far no perithe- 
cia of Ophiobolus graminis have been found. In 1923 a considerable 
quantity of diseased plant material from the vicinity of Woodward, 
Okla., was plated by the writer, and Helminthosporium sativum was 
obtained in a number of cases. In addition, an undescribed hypo- 
mycetous fungus, as previously reported (46), was also obtained 
from a limited number of diseased plants. Part of the trouble oc- 
curring in Oklahoma is attributable to H. sativum, but it seems 
rather doubtful whether this fungus is the only parasite involved. 
In many ways this trouble is similar to that occurring in parts of 
Kansas where O. graminis fruits sparsely and is found in combina- 
tion with H. sativum and other fungi. In a former publication 
the writer (46) pointed out that this previously undescribed fungus 
from Oklahoma is pathogenic on winter wheat. Under experimen- 
tal conditions the organism attacks the roots and the base of the 
stem, causing an injury similar to that produced by H. satewum. 
However, it seems doubtful whether this organism is an aggressive 
parasite. The exact relation of this fungus to the Oklahoma foot- 
rot can not be predicted, and it is not known how widely distributed 
this fungus may be. 

This fungus is named and described as follows: 


FOOT-ROT DISEASES OF. WHEAT IN AMERICA 88 


Helminthosporium tetramera n. sp. 

Conidiophores, dark olivaceous to brown, very 
irregular. Simple or compound, septa 5 to 50 
microns apart. Conidia are produced at irregular 
distances from the bases of the conidiophores 
(fig. 5). 

Conidia chiefly 4-celled, borne in clusters of 2 
or 8 to 50 or more, dark olivaceous tg brown, 
usually rather symmetrical in shape, tapering 
toward the rounded ends (fig. 5). Length meas- 
urements range from 20.4 to 40.8 microns, but only 
a very small percentage of the spores possesses 
the extreme dimensions. Of the spores measured 
48 per cent were from 30.6 to 34.0 microns 
long, 30.6 microns being the most common length. 
The width measurements range from 8.5 to 20.4 
microns, and, as in the case of the length meas- 
urements, only a small percentage of the spores 
possesses the maximum and minimum width dimen- 
sions. The diameters, however, seem to vary con- 
siderably less than the length measurements, as 
74.2 per cent of the spores measured were 10.2 
to 183.6 microns wide, 13.6 microns being the most 
common width. Mature conidia are practically 
always 4-celled. Even in the case of the longer 
sizes it is exceedingly rare to find conidia having 
more than four cells. The spore walls are not jy 5-—Hyphal thread, coni- 
constricted at the septa. There seems to be very diophore, and conidia of 
little, if an, change in spore characters when the Helminthosporium tetramera 
fungus is cultured artificially. 

On potato-glucose agar the fungus produces numerous long simple or 
branched sclerotia. These are made up of a hard white pseudoparenchyma 
with an outer black layer or rind. Many hyphal strands develop from this 
rind, but no conidia have been found on them. 

Associated with a foot-rot of winter wheat, collected near Woodward, Okla., 
in the spring of 1923. 


OTHER FUNGI CAPABLE OF CAUSING FOOT-ROTS 


In addition to the parasites which have been discussed, certain 
other organisms are constantly referred to in the literature dealing 
with the foot-rot diseases of wheat. European writers (23, 70) have 
long considered Ophiobolus herpotrichus an important wheat para- 
site, and Frank (23) is of the opinion that this organism is the chiet 
cause of wheat foot-rot in certain German Provinces. This organism 
has not yet been reported in America. 

Various European papers refer to several species of Fusaria in 
connection with foot-rot, and in this country Atanasoff (7) reported 
that the Fusarium stage of Gibberella saubinetii will cause a foot- 
rot on wheat. The same writer (2) published further on the 
Fusarium diseases of cereals and claims that several species of this 
genus cause foot-rot of wheat both in Europe and America. Accord- 
ing to Johnson and Dickson (34) G@. saubinetiz is widespread through- 
out the principal wheat regions of this country and causes consider- 
able injury to the heads and grain, but in spite of this wide 
distribution and damage to the aboveground parts the writer has 
not found it associated to any great extent with other foot-rots he 
has studied. In certain localities this parasite has been found asso- 
ciated with Helminthosporium satiwum and Ophiobolus graminis, 
but it appears that the last-mentioned organisms were the chief 
causes of the foot-rot conditions under study. 
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Jsolation studies by Beckwith (4), Bolley (70), and Stakman 
(65) have shown that several other genera of fungi are associated 
with culm rots and root rots. Among these genera species of Colleto- 
trichum, Alternaria, and Macrosporium seem to be common, and 
the studies of these workers indicate that some of these fungi are 
parasitic on wheat seedlings. Recently Hungerford (33) reported 
Sclerotium rhizodes associated with a wheat disease occurring in 
Idaho. The field and plant symptoms associated with this trouble 
seem to be similar in some particulars to those manifested by the 
foot-rots, and it may be that this organism will be found to cause 
the disease in question. According to Haskell and Wood (27, p. 207), 
B. L. Richards has reported to the Office of Plant-Disease Survey 
that a species of Rhizoctonia is associated with wheat foot-rot in 
Morgan County, Utah. There is no statement, however, as to the 
pathogenicity of this fungus on wheat. 


DISCUSSION 


The foot-rot diseases of wheat are rather widespread in America, 
causing crop losses of economic importance in several of the principal 
wheat districts. Although the studies which have been carried on by 
numerous investigators have thrown considerable ght on these 
diseases, it is certainly evident that they have done little more than to 
assist in defining some of the problems and to convince some of the 
students of the soil and of cereals that soil fungi are in many cases 
the limiting factors in wheat production. As the study of these 
problems progresses, it becomes increasingly evident to the writer 
that the general suggestion made by Bolley (70) that the low wheat 
yields in many of our principal wheat districts can not be accounted 
for chiefly on the basis of low soil fertility deserves very careful 
consideration. It seems evident that any constructive program of 
investigation for the purpose of increasing wheat yields must include 
a study of wheat diseases caused by the parasites infesting the soil. 

In attacking plant-disease problems it is generally accepted that 
the causal agents must be studied independently under controlled 
conditions in order that an accurate understanding of the problem in 
hand may be obtained. ‘This method has led to the development of 
refined laboratory methods whereby parasites may be cultured and 
kept free from contaminating organisms and whereby the environ- 
mental influences also may be kept as constant as possible or varied. 
at will when such parasites are studied independently or in relation 
to the development of disease. Although these refined methods are 
highly essential and important in connection with obtaining certain 
knowledge, it must be recognized that investigators too frequently 
are prone to confine their disease studies to these ultrarefined meth- 
ods instead of supplementing them with the somewhat less refined 
ones which are more comparable to the conditions under which the 
plant grows in nature. Several cases are on record where organisms 
have been classed as cereal parasites on the basis of inoculations made 
on plants grown in the rag-doll seed tester or in agar contained in 
test tubes. In some cases such experiments have not been followed 
up by soil-inoculation studies, or if such studies have been made they 
were of a very minor nature, and the final conclusions were based pri- 
marily on results obtained by the more artificial technique. ‘The 
writer has made use of the agar and test-tube method to a hmited 
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extent in connection with infection studies, but experience indicates 
that it is of questionable value in establishing the pathogenicity of 
organisms as they occur in the field. Under test-tube conditions and 
the conditions obtained in a roll of cloth, such as a rag-doll seed 
tester, the wheat seedling is at a decided disadvantage, whereas the 
fungus has an ideal opportunity to attack the plant. Even in the 
case of carefully planned soil-inoculation experiments it is extremely 
difficult at times to obtain results which can be interpreted and com- 
pared satisfactorily with conditions occurring in nature. The writer 
has demonstrated repeatedly that the amount of inoculum introduced 
into soil greatly influences the number of plants which become in- 
fected and the severity of the infection on the plants attacked. Up 
to a certain point large amounts of inoculum have always caused an 
increased amount of infection, which might easily be confused with 
the factor of virulence. This relationship was observed repeatedly 
in the work with Actinomyces scabies (36), Helminthosporium sati- 
vum (45), and Ophiobolus graminis. When it is possible the writer 
introduces only the spores and mycelium of the fungus to the ex- 
perimental soil, and when nonsporulating forms are used they are, 
when possible, increased on inert materials, such as straw and leaf 
mold. In some cases, it has been necessary to use cooked oat and 
barley grains for culturing sterile forms, but in these cases it is 
always the aim to avoid the addition of too much of such culture 
material to the soil. 

In the study of the factors which influence parasitism among soil 
fungi, we are continually reminded that the distinction between the 
pathogenic and saprophytic types is very largely relative. Certain 
parasites are more aggressive than others, some are capable of 
attacking the host throughout a wider range of environmental con- 
ditions than others, and if the right conditions are obtained some 
of the so-called saprophytes become pathogenic. In view of these 
relationships it becomes strikingly evident that the mere statement 
that an organism is pathogenic or nonpathogenic means very little 
to the student of plant diseases. Information regarding the environ- 
mental conditions, the methods used, and the general conditions 
under which experimental or field observations are made is highly 
iunportant and should be recorded. 

The control of foot-rot diseases is the ultimate thing sought in the 
studies being carried on by the Government and State agencies. 
Although certain information is available on this phase, it is strik- 
ingly evident from the material presented in this bulletin that much 
more exact knowledge should be obtained. As these diseases are 
caused by soil-inhabiting parasites, it is evident that seed treatments 
alone can not solve the control problems. The soil is the important 
source of infection, and it is evident that this aspect of the problem 
must be given considerable attention. In order to combat this source 
of infection several methods are open for investigation, some of 
which are more practical than others. 

The host may be aided in escaping infection by several methods, 
but the practicability of these depends very largely on the circum- 
stances surrounding each farmer’s problem. ‘The soil-temperature 
studies which have been carried on with certain soil-inhabiting 
parasites have shown that the date of seeding may be regulated so 
as to assist the wheat plant in escaping infection_er serious injury 
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in case the fungus gains entrance. However, this method is not 
applicable in some cases, as, for example, in parts of Kansas where 
Ophiobolus graminis and Helminthosporiwm sativum sometimes ap- 
pear in the same wheat fields, and in parts of Wisconsin, Minnesota, 
and the Dakotas where Gibberella saubinetu and H. sativum appear 
together. As indicated in Figure 2 (p. 13), infection by O. graminis 
is favored by fairly low soil temperatures, whereas infection by A. 
sativum is favored by fairly high soil temperatures, and on the 
basis of the studies reported by Dickson (78) the optimum soil tem- 
perature for wheat-seedling infection by G. saubinetiz les between 
the temperature optima for O. graminis and ZH. sativum. From these 
data it is evident that any arrangement of fall or spring seeding 
dates for the purpose of obtaining soil-temperature differences will 
result in very little economic benefit to the farmer when any two or 
more of these parasites occur together. Plainly, if the temperature 
conditions are not favorable for one disease they are likely to be so 
for one of the others, as is shown by the curves in Figure 2. 

Several investigators have attempted to control foot-rots by means 
of special cropping and soil-tillage systems and also through the use 
of fertilizers and amendments. Although these methods of control 
have not been thoroughly developed for any of these diseases, there 
is good reason to believe that, in certain regions at least, they offer 
one of the most promising means of reducing crop losses due to 
foot-rots. 

The development of varieties resistant to foot-rots has not been 
given systematic consideration by many plant breeders, and there- 
fore very little definite knowledge on this subject is at hand. Several 
investigators -have mentioned varieties as being resistant to certain 
foot-rots, but in some cases varieties said to be resistant by one 
worker are reported highly susceptible by another. In general, it 
may be stated that most wheat varieties seem to be susceptible to one 
or another of the foot-rots when the proper conditions for infection 
exist. 

Numerous attempts have been made to control foot-rots by treating 
the soil with chemicals which kill the parasites present. In some 
cases the results have been successful, but in most instances the 
materials used were too expensive for general field use. This mode 
of attacking plant parasites which live in the soil has not been 
studied systematically. Low-priced chemicals have not been inves- 
tigated, nor have the methods of application been studied. This 
method should be efficient for the control of such foot-rots as take-all 
when they are not too extensively distributed over a field. How- 
ever, it appears doubtful whether this method would ever be prac- 
ticable for the control of the Helminthosporium foot-rot, owing to 
the wide dissemination and copious occurrence of the spores of the 
parasite. 

On the basis of our present knowledge it is clear that the control 
of the foot-rots depends not on one method but on several.’ 


14 The following publications on the wheat foot-rots were received after this bulletin 
was prepared for the printer: 

Dosdall, Louise. Factors influencing the pathogenicity of Helminthosporium sativum. | 
Minn. Agr. Exp. Sta. Tech. Bul. 17, 47 pp. illus., 1923. 

Guyot, L. De l’existence de formes pycnidiennes chez Ophiobolus graminis, Sacc., et 
Map herpotrichus (Fr.) Sace. Jn Rev. Path. Vég. et Ent. Agr., t. 12, pp. 74-81, 
illus., 25. : 
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Seed treatments and the selection of clean seed will tend to prevent 
the spread and increase of the parasites. 

Rotations, including a liberal use of oats, legumes, sorghums, and 
in some cases corn, will at least assist the farmer in obtaining a crop 
from infested soil. 

Summer fallowing infested land in combination with certain rota- 
tions has given good results in combating take-all in Australia. 
Although this method has not been given a thorough trial in 
America, it is reasonable to believe that it should give as good results 
here in districts where summer fallowing is practiced. The effect of 
this practice on the control of other foot-rots is not definitely known, 
but in the case of the Helminthosporium foot-rot preliminary experi- 
ments indicate that summer fallowing has but little, if any, effect 
on the disease. 

It is considered good practice to prevent undue accumulation of 
infested straw in wheat fields and to prevent the promiscuous growth 
of wild grasses which are parasitized by the foot-rot organisms. 
Infested straw should not be spread on the soil. When used as 
bedding for farm animals the resulting manure should be com- 
posted before being applied to the soil. 
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